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1 Header Files

1.1 include/Auton.hpp

VAL
Auton.hpp

which %s responsible for reading the sd card to determine
which auton is selected, and running the correct auton.
*/
#pragma once // makes sure the file is only included once
#include "main.h" // gives access to dependancies from other files
class Auton

*
*
* This contains the declaration of the Auton struct,
*
*

{
public:
// when making autons, you must add the text to the dropdown in DisplayControl.cpp,
— a new wvalue
// to this enum, and a new case is the switch in Auton.cpp
enum class Autons // all possible autons
{
none,
test,
prog
} static auton; // selected auton
static void readSettings(); // read the sd card to set the settings
static void rumAuton(); // runs the selected auton
private:
static void auton_task_func(void *); // separate thread for running the auton, in
-~ case a
// particular auton needs control over it's
— thread.
+
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1.2 include/main.h
VALS

\file main.h

Contains common definitions and header files used throughout your PROS
project.

All rights reserved.

This Source Code Form ts subject to the terms of the Mozilla Public
License, v. 2.0. If a copy of the MPL was not distributed with this
file, You can obtain one at http://mozilla.org/MPL/2.0/.

*/

*
*
*
*
*
* Copyright (c) 2017-2020, Purdue University ACM SIGBots.
*
*
*
*
*

#ifndef _PROS_MAIN_H_
#define _PROS_MAIN_H_

VALS

If defined, some commonly used enums will have preprocessor macros which give
a shorter, more conventient naming pattern. If this isn't destired, simply
comment the following line out.

For tnstance, E_CONTROLLER_MASTER has a shorter name: CONTROLLER_MASTER.
E_CONTROLLER_MASTER %s pedantically correct within the PROS styleguide, bdbut
not convienent for most student programmers.

*/
#define PROS_USE_SIMPLE_NAMES

*
*
*
*
*
*
*

VL]
* If defined, C++ literals will be available for use. All literals are in the

* pros::literals namespace.
*

* For instance, you can do “4_mir = 50" to set motor 4's target welocity to 50
*/
#define PROS_USE_LITERALS

#include "api.h"

VL]
* You should add more #includes here
*/

#include "okapi/apt.hpp"

#include "pros/apiz.h”

//#include "pros/api_legacy.h"

Jk*

If you find doing pros::Motor() to be tedious and you'd prefer just to do
Motor, you can use the namespace with the following commented out line.

concurrently! The okapt namespace will export all symbols inside the pros

*
*
*
* IMPORTANT: Only the okapi or pros mamespace may be used, mot both
*
*

namespace.
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*/
// using nmamespace pros;
// using namespace pros::literals;
using namespace okapi;

#include "movement/paths/ProftileStep.hpp"
#include "movement/paths/Trajectory.hpp”

#include "gui/odomDebug.hpp"
#include "util/CustomOdometry.hpp"
#include "gui/DisplayControl.hpp"
#include "util/util.hpp"

#include "util/definitions.hpp"

#include "movement/paths/SimplePath.hpp"

#include "movement/AsyncAction.hpp”
#include "movement/Drivetrain.hpp”

#include "stateMachines/VStateMachine.hpp"
#include "stateMachines/DrivetratinStateMachine.hpp"
#include "stateMachines/BallControlStateMachine.hpp"

#include "Auton.hpp"

VA LS
* Prototypes for the competition control tasks are redefined here to ensure
* that they can be called from user code (i.e. calling autonomous from a
* button press in opcontrol() for testing purposes).
*/
#ifdef __cplusplus
extern "C"
{
#endi f
void autonomous(void);
void initialize(void);
void disabled(void);
void competition_initialize(void);
void opcontrol(void) ;
#ifdef __cplusplus
}
#enda f

#ifdef __cplusplus

/**
* You can add C++-only headers here
*/

//#include <iostream>

#enda f

#endif // _PROS_MAIN_H_
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1.

3

Jk*

*
*
*
*
*

*/

include/gui/DisplayControl.hpp

DisplayControl.hpp

Thts file contains the declaration of the DisplayControl class.

DisplayControl is the class that handles the organization of the
LittleV Graphics Library (LVGL) objects on the screen of the brain.

#pragma once // makes sure the file is only included once

#include

class DisplayControl

{

Jk e

"main.h" // gives access to objects not declared here (LVGL objects)

Tabview Elements ——————————————————=—- */
static lv_obj_t * mtabview; // contains the whole tabuview

static lv_obj_t * mtabview_odom; // tabview page with odom debugger
OdomDebug modom; // odom debugger

static lv_obj_t * mtabview_auton; // tab for setting auton
static lv_obj_t * mtabview_auton_dropdown; // autons to choose from

static lv_res_t tabview_auton_dropdown_action(lv_obj_t * idropdown); // event

— handler

static
static
static
static
static
static
static
static
static

static
static

lv_obj_t * mtabview_graph; // tabview page with graph
lv_obj_t * mtabview_graph_chart; // graph

lv_chart_series_t
lv_chart_series_t
1lv_chart_series_t
lv_chart_series_t
lv_chart_series_t
lv_chart_series_t
lv_chart_series_t

*

mtabview_graph_chart_series_0; // chart series...

mtabview_graph_chart_series_1;
mtabview_graph_chart_series_2;
mtabview_graph_chart_series_3;
mtabview_graph_chart_series_4;
mtabview_graph_chart_series_5;
mtabview_graph_chart_series_6;

lv_obj_t * mtabview_misc; // eztra tabuview page for anything

lv_obj_t * mtabview_misc_container; // container on the misc page to hold

— elements
lv_obj_t * mtabview_misc_label; // texzt boz on misc page
lv_obj_t * mtabview_misc_label_2; // second text box on misc page

static
static

R — Styles

static
static
static
static
static
static

public:

DisplayControl();

————————————————————————— */

lv_style_t mstyle_tabview_indic; // for page indicator line
lv_style_t mstyle_tabview_btn; // for page header

lv_style_t mstyle_tabview_btn_tgl; // for selected page header
lv_style_t mstyle_tabview_btn_pr; // for pressed page header
lv_style_t mstyle_tabview_container; // for page background
lv_style_t mstyle_text; // for text

— positioning

// constructor that sets everything up, like styles and

void setOdomData(); // updates the walues for OdomDebug
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};

void setAutonDropdown(); // updates the dropdown to match sd card at the start of
— the program,
// to ensure the auton set on the sd card is always the
— same as the
// auton displayed on the dropdown.

void setChartData(int iseries,
double ivalue); // sets the wvalue of one of the series in the
— chart

void setMiscData(int ilabel,
std::string itext); // sets the information displayed in the misc
— tab

namespace def

{

extern DisplayControl

display; // declares the display object as exztern, to make sure it only gets
— constructed once
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1.4 include/gui/odomDebug.hpp

VEL]
odomDebug . hpp

The contents of this file were not written by any members of 333A4*.
Thts 1s code from the publicly availible GitHub repository, odomDebug
by theol0403, found here: https://qithub.com/theol0403/0domDebug.

*
*
*
*
*
*
* The OdomDebug class ts used for the tab on the screen of the brain

* that shows the odometry position of the robot in the form of number

* values and a moving circle on a picture of the field representing the
* robot.

*
*

* slight modifications were made to make it work with the display
*/

#pragma once

#include "main.h"

class OdomDebug
{

public:
Jk*
* Contains robot state - z, y, theta
* Can be tnitialized using (Units or doubles
*/
struct state_t
{
QLength x{0.03};
QLength y{0.0};
QAngle theta{0.0};

J/**
* Oparam iz (Length
* @param 1y @Length
* @param ttheta (Angle
*/
state_t(QLength ix, QLength iy, QAngle itheta);

VLS
* @param t1x inches
* @param 1y inches
* @param ttheta radians
*/
state_t(double ix, double iy, double itheta);
I

VAL
* Contains encoder information - left, right, middle(optional)
* Can be initialized using three or two sensors
*/

struct sensors_t

{
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double left{0.0%};
double right{0.0};
double middle{0.0};

/**
* Oparam ileft the left encoder wvalue
* @param tright the right encoder wvalue
*/

sensors_t(double ileft, double iright);

VAL
* Oparam tleft the left encoder value
* @param tright the right encoder wvalue
* @param imiddle imiddle the middle encoder wvalue
*/
sensors_t(double ileft, double iright, double imiddle);

private:

};

Jk*
*
*

bool hasMiddle{false};
friend class OdomDebug;

Constructs the OdomDebug object.
@param parent the lvgl parent, color ts inherited

*/
OdomDebug(lv_obj_t * parent);

Jk*
*
*
*

Constructs the OdomDebug object.
@param parent the lvgl parent
@param mainColor The main color for the display

*/

OdomDebug(lv_obj_t * parent, lv_color_t mainColor);

~0d

/R
x*
x*

omDebug () ;

Sets the function to be called when a tile is pressed
@param callback a function that sets the odometry state

*/
void setStateCallback(std::function<void(state_t state)> callback);

Jk*
x*
*

Sets the function to be called when the reset button is pressed
@param callback a function that resets the odometiry and sensors

*/
void setResetCallback(std: :function<void()> callback);

Jk*

* %X x %

Sets the position of the robot in QUnits and puts the sensor data on the
display

@param state robot state - x, y, theta

@param sensors encoder information - left, right, middle (optional)



*/

void setData(state_t state, sensors_t sensors);

private:
// parent contatiner
lv_obj_t * container = nullptr;
lv_style_t cStyle;

// field
lv_style_t £fStyle;
double fieldDim = 0; // width and height of field container

// tile styles

lv_style_t grey;
lv_style_t red;
lv_style_t blue;

// robot point
lv_obj_t * led = nullptr;
lv_style_t ledStyle;

// robot line

lv_obj_t * line = nullptr;

lv_style_t lineStyle;

std: :vector<lv_point_t> linePoints = {{0, 0}, {0, 0}}; // line positions
int lineWidth = 0;

int linelLength = 0;

// status label
lv_obj_t * statusLabel = nullptr;
lv_style_t textStyle;

// reset button styles
lv_style_t resetRel;
lv_style_t resetPr;

// external callbacks to interface with odometry
std: :function<void(state_t state)> stateFnc = nullptr;
std: :function<void()> resetFnc = nullptr;

static lv_res_t tileAction(lv_obj_t *); // action when tile is pressed
static lv_res_t resetAction(lv_obj_t *); // action when reset button is pressed
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J**

* %X X ¥ * x %

*/
#pr
#in

include/movement/AsyncAction.hpp

AsyncAction. hpp

Thts file contains the definition of the AsyncAction struct.

AsyncActions are objects that have an action (maction) and

a certain error where the action should be executed (merror).

It is used by motions in the Drivetrain class to run asynchronus

actions at a certain distance from the target.

agma once // makes sure the file is only tincluded once
clude "main.h" // gives access to objects declared elsewhere

struct AsyncAction

{

AsyncAction(double ierror, std::function<void()> iaction)
: merror(ierror), maction(iaction) // constructor

{
X

double merror; // error wvalue at which the loop will execute the action
std::function<void()> maction; // action to ezecute

10



1.6 include/movement/Drivetrain.hpp

Jk*

Drivetrain. hpp
Thts file contains the declaration of the Drivetrain class.

drivetrain: motor control, settings (like max speed), basic
movement methods (like tank or arcade), more advanced movement
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methods (like PID to point, path following, and motion

profiling), and more.

/

*
*
*
* The Drivetrain class handles almost everthing relating to the
*
*
*
*

#pragma once // makes sure the file is only included once

#include

"main.h" // gives access to dependencies from other files

class Drivetrain // creates the class for the drivetrain

{

private:

[ mmmmmm oo Motor References

static Motor & mmtrLeftFront;

static Motor & mmtrRightFront;

static Motor & mmtrRightBack;
static Motor & mmtrLeftBack;

Sk

Chassis

static std::shared_ptr<ChassisController>

mchassis; // chassis object for using Pathfilder through

protected:
ok
static double mmaxSpeed;
static bool menabled;

ettt SimpleFollow Data

*/

static double mlastLookIndex; // index of the last lookahead point

static double

mlastPartiallndex; // fractional index of where the last lookahead point was on

— the segment

/¥ mmmm e Odometry Accessors
static OdomState getState(); // get position as OdomState

static QLength getXPos();
static QLength getYPos();
static QAngle getTheta();

static ExtendedPoint getPoint(); // get position as ExtendedPoint

static QAngle

angleToPoint (const Point & itargetPoint); // calculates the field centric direction

— to the

static std::optional<double> findIntersection(
ExtendedPoint istart, ExtendedPoint iend,

11

// itargetPoint from the robot's current

—

position
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const double & ilookDistIn); // looks for interections between the line segment
— created by
// the two points (istart and tend), and the
— ctrcle around the
// robot with radius tlookDistIn (lookahead circle)
static ExtendedPoint
findLookahead (SimplePath ipath,
const double & mlookDistIn); // looks for the intersection point
— between the
// lookahead circle and the SimplePath,
— 1path

Sk mm Getters/Setters ———————————————————— */
static double getMaxSpeed();
static void setMaxSpeed(const double imaxSpeed);

static bool isEnabled();
static void emable(); // allows movements to be startable
static void disable(); // stops active movements

static void
checkNextAsync(const double & ierror,
std::vector<AsyncAction> &
iactions); // checks if the next AsyncAction should ezecute, and
— ezecutes 1t
// (and removes it from the list) if tt should

R Basic Movement ———=—————————————————— */
static void moveIndependant (
double ileftFront, double irightFront, double irightBack, double ileftBack,
const bool idesaturate = true); // moves each motor {lf, vf, rb, lb} in range
— [‘1,1]
static void
moveTank(const double ileft, const double iright,
const bool idesaturate =
true); // spins the left side and right stde motors at certian speeds
- [-1,1]
static void moveArcade(
const double iforward, const double istrafe, const double iturn,
const bool idesaturate = true); // moves the robot with arcade-style inputs
— (range[-1,1])

S Intermediate Movement —————————————————= */
static void moveInDirection(
QAngle idirection, const bool ifieldCentric = false, double imagnitude = 1,
double itheta = O,
const bool idesaturate = true); // moves the robot with a certain speed in a
— certain
// direction, while turning a certain amount

Sk mm Move to Point Methods —-—-———————————————- */

static void strafeToPoint(
ExtendedPoint iPoint, std::vector<AsyncAction> iactions = {},

12
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PID imagnitudePID = PID(0.4, 0.005, 2.6, 0.5, 0.25, 0.05, 10_ms),
PID iturnPID = PID(0.028, 0.0, 0.08, 0.0, 1.5, 0.1, 10_ms),
Slew imagnitudeSlew = Slew(1000, 1000),
Slew iturnSlew =
S1lew (1000, 1000)); // drives in a stright line to the point while turning
— using set
// PID/Slew gains, and executing the AsyncActions at the
— right times

static void straightToPoint(
ExtendedPoint itarget, std::vector<AsyncAction> iactions = {}, QLength
— inoTurnRange = 3_in,
double iturnWeight = 1.7, PID imagnitudePID = PID(0.4, 0.005, 2.6, 0.5, 0.25,
< 0.05, 10_ms),
PID iturnPID = PID(0.028, 0.0, 0.08, 0.0, 1.5, 0.1, 10_ms),
Slew imagnitudeSlew = Slew (1000, 1000),
Slew iturnSlew = Slew(1000,
1000)); // drives to the point without strafing using set
— PID/Slew
// gains, and ezecuting the AsyncActions at the
— 7Tight times

static void arcStraightToPoint(
ExtendedPoint itarget, std::vector<AsyncAction> iactions = {}, double
— iweightModifier = 10,
QLength inoTurnRange = 3_in,
PID imagnitudePID = PID(0.4, 0.005, 2.6, 0.5, 0.25, 0.05, 10_ms),
PID iturnPID = PID(0.028, 0.0, 0.08, 0.0, 1.5, 0.1, 10_ms),
Slew imagnitudeSlew = Slew(1000, 1000),
Slew iturnSlew = Slew(
1000,
1000)); // drive in an "arc" (doesn't follow a path, just approzimates an
< arc) using set
// PID/Slew gains, and ezecuting the AsyncActions at the right times

[F mmm e Path Following Methods —-——-——————=——-——- */
static void simpleFollow(
SimplePath ipath, QLength ilookDist = 6_in, std::vector<AsyncAction> iactiomns =
- {},
PID imagnitudePID = PID(0.4, 0.005, 2.6, 0.5, 0.25, 0.05, 10_ms),
PID iturnPID = PID(0.028, 0.0, 0.08, 0.0, 1.5, 0.1, 10_ms),
Slew imagnitudeSlew = Slew(1000, 1000),
Slew iturnSlew = Slew(1000,
1000)); // follows the path, tipath using set lookahead
— distance
// (ilookDist) and PID/Slew gains while ezecuting
— the
// AsyncActions at the right times (only on the
< last segment)

e Motion Profiling ———-——————————————=-= */
static std::shared_ptr<AsyncMotionProfileController>

mprofiler; // okapi motion profile controller
static void generatePathToPoint(

13
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};

PathfinderPoint ipoint,
const std::string & iname); // use Pathfinder through okapi to make a motion
— profile
static void followPathfinder(const std::string & iname, bool ibackwards = false,
bool imirrored = false); // follow Pathfinder path
— through okap<
static void followTraj(Trajectory & itraj); // follow trajectory loaded from sd card

namespace def

{

extern Drivetrain drivetrain; // declares the drivetrain object as extern, to make sure

—

}

2t only gets
// constructed once

14
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1.7 include/movement/paths/ProfileStep.hpp

J**
ProfileStep. hpp

*
*
* ProfileStep is used for organizing the information parsed from
* motion profiles stored on the sd card, calculated by the
* publically availible GitHub repository, TrajectoryLidb by
* Team254 (FRC Team 25/, The Cheesy Poofs), found here:
* https://github.com/Team254/Trajectorylib. The trajectories
* agre calculated on a computer, and stored on the sd card for
* the robot to use. Each time step of the profile is read from
* the sd card, and stored in an instance of ProfileStep by the
* Trajectory class.
*/
#pragma once
#include "main.h"
struct ProfileStep
{
float pos{0.000};
float vel{0.000};
float acc{0.000};
float jerk{0.000};
float heading{0.000};
float dt{0.000};
float x{0.000};
float y{0.000%};

const std::string getString(); // return the contents of the ProfileStep for
— testing purposes

};

15



1.8 include/movement/paths/SimplePath.hpp

J**
StimplePath.hpp

on a path represented by ExtendedPoints in a std::vector.
This 1s used for path following by the Drivetrain class.
*/
#pragma once // makes sure the file is only included once
#include "main.h" // gives access to objects declared elsewhere (std::vector and
- EztendedPoint)

*
*
* SimplePath is a simple struct that has a list of points
*
*

struct SimplePath

{
std: :vector<ExtendedPoint> mpoints;
ExtendedPoint at(size_t iindex); // gets the point at tindex
ExtendedPoint last(); // gets the last point
int size(); // number of points
};

16
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1.9 include/movement/paths/Trajectory.hpp

J**
Trajectory.hpp

*
*
* This file contains the declaration of the Trajectory class.
* The Trajectory class reads and stores motion profile information
* from the sd card. Motion profiles stored on the sd card are
* calculated by the publically avatlible GitHub repository,
* TrajectoryLib by Team25/ (FRC Team 254, The Cheesy Poofs),
* found here: https://qithub.com/Team254/TrajectorylLib. The
* trajectories are calculated on a computer, and stored on the
* sd card for the robot to use. Each time step of the profile is
* read from the sd card, and stored in an instance of ProfileStep
* by the Trajectory class.
*
* The paths are intended to be executed by the Drivetrain class.
*/
#pragma once
#include "main.h"
class Trajectory
{
double mkP, mkD, mkV, mkA; // control constants
int mstepNumber; // index of current step
double mlastErrorL, mlastErrorR; // old error wvalues

std: :string mname; // name of the movement from the top of the file
int mlength; // number of steps for each side to ezecute
ProfileStep * mleftSteps; // steps for the left side

ProfileStep * mrightSteps; // steps for the right side

public:
Trajectory(const char * ifileName, double ikP = 0.0, double ikD = 0.0, double ikV =
— 0.025,
double ikA = 0.0); // constructor that specifies control constants
“Trajectory(); // destructor that handles dynamically allocated arrays to prevent
< memory 1isSsues

std::string getName() ;

int getLength();

void reset(); // sets mstepNumber back to O

std: :pair<ProfileStep, ProfileStep>

getStep(int istepNumber); // get the left and right values at a certain step
void setGains(const double ikP, const double ikD, const double ikV, const double
< ikA);

bool isDone(); // checks to see tf all of the steps have been ezecuted

std: :pair<double, double>
iterate(const double ileftDistSoFar,
const double irightDistSoFar); // calculate the motor vales at the next step

};

namespace def

{

17
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extern Trajectory traj_test;
extern Trajectory TestSpline;
} // namespace def
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1.10 include/stateMachines/BallControlStateMachine.hpp
J**

*
*
*
*
*
*
*
*
*
*
*

*/

BallControlStateMachine. hpp

Thts file contains the definitions of the BallControlStateMachine class.

BallControlStateMachine inherits from VStateMachine, and

1t 15 responsible for controlling all of the ball manipulators
(intake, tindexer, filter, and flywheel).

The intake, indexzer, and flywheel all have their own mini
state machine in structs all contained in

BallControlStateMachine. BallControlStateMachine puts them

all together to make them function cohesively

#pragma once // makes sure the file is only included once
#include "main.h" // gives access to dependencies from other files

class BallControlStateMachine

—

{

ball
// controlers
— (intake/indexer/flywheel)

public:

BallControlStateMachine(); // constructor to set defaults

void controlState() override; // sets the state based on inputs from the controller

void update() override; // controls the robot based on the state

void itIn(); // spins the intakes in

void itOut(); // spins the intakes out

void it0ff(); // stops the intakes

void ixUp(); // spins the indexzer up

void ixDown(); // spins the indexzer down

void ix0ff(); // stops the indezer

void fwShoot(); // shoots the flywheel

void fwFilter(); // spins the flywheel backwards
void fw0ff(); // stops the flywheel

void itInFor(double imilliseconds); // spins the intakes for spectified number of
— miliseconds

void ixUpFor(double imilliseconds); // spins the indezer for specified number of
— miliseconds

void shoot(int ims = 300); // shoots a ball

bool controlEnabled; // decides if the state machine should pay attention to the
— controller

private:

/F e Controls ———————————————————————- */
ControllerButton & mbtnln;

ControllerButton & mbtnOut;

ControllerButton & mbtnShoot;

ControllerButton & mbtnFilter;

19
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—————————————————————— Nested Classes ——-————————=—=——————= x/

struct MIntake // controls the intakes

{

MIntake(); // constructor to set defaults

enum MStates // enumeration to organize all possible states

{
off,
in,
out

3
void update(); // updates the subsystem based on the state

S F e State —————————————————————————— */
MStates mstate;

MotorGroup mmotors;

} mintake;

struct MIndexer // controls the indezer

{

MIndexer(); // constructor to set defaults

enum class MStates // enumeration to organize all possible states

{
off,
in,
out

};

void update(); // updates the subsystem based on the state

Motor mmotor;

} mindexer;

struct MFlywheel // controls the flywheel

{

MFlywheel(); // constructor to set defaults

enum class MStates // enumeration to organize all possible states

{
off,
shoot, // forward
filter // reverse

};

void update(); // updates the subsystem based on the state

20
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MStates mstate;

Sk m e

MotorGroup mmotors;
} mflywheel;
};

namespace def
{

extern BallControlStateMachine

sm_bc; // declares the sm_bc object as extern, to make sure it only gets

— constructed once
} // namespace def
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1.11 include/stateMachines/DrivetrainStateMachine.hpp

J**
DrivetrainStateMachine. hpp

Thts file contains the declaration of the DrivetrainStateMachine class.

*
*

*

* DrivetrainStateMachine is a state machine that inherits from VStateMachine.
* It has an enumeration of different possible states to make it easy for
*
*
*
*

*/

the user to controll the drivetrain.

To use the state machine in auton, you use doAutonMotion() to disable
the normal state machine tasks and run the specified action.

#pragma once // makes sure the file is only included once
#include "main.h" // gives access to dependancies from other files

class DrivetrainStateMachine :

— drivetrain
{
public:
DrivetrainStateMachine(); // constructor to set defaults
enum class MStates // enumeration to organize possible states
{
off,
busy, // doing an AutonMotion
manual, // standard split arcade drive
fieldCentric // standard spltit arcade, but with field centric turns
3
MStates getState();
void setState(MStates istate);
void
doAutonMotion(std: :function<void()> iaction); // disable manual control, and
— ezecute the action
void controlState() override; // update the state based on controller input
void update() override; // move the robot based on the state
private:

MStates mstate, mlastState;

bool stateChanged(); // returns whether the last state ts the same as the current

— one

Y T Controls ————————=—=——————————————— */
Controller & mcontroller; // reference to the controller to get joystick wvalues
ControllerButton &
mtoggleFieldCentric; // reference to the button that toggles field centric
— control

Sk mm Other —————————————————————————— */
Drivetrain & mdrivetrain; // reference to the drivetrain to give control of the
— drivetrain to

// the state machine

22

public VStateMachine // state machine to represent the
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};

namespace def

{

extern DrivetrainStateMachine

sm_dt; // declares the sm_dt object as extern, to make sure it only gets

— constructed once
} // namespace def
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1.12 include/stateMachines/V StateMachine.hpp

J**
VStateMachine. hpp

*
*
* This file contains the parent class, VStateMachine.
* VStateMachine is an abstract base class for all state
* machines. It specifies that all state machines should
* have a method that controls the state based on user
* input, and a method that moves the robot based on the state.
*/
#pragma once // makes sure the file is only included once
class VStateMachine // abstract state machine base class

{
public:
virtual void controlState() = 0; // changes the state based on user input
virtual void update() = 0; // controls the subsystem based on the current state
};
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1.13 include/util/CustomOdometry.hpp

J**
CustomOdometry.hpp

Thts file contains the declaration of the CustomOdometry class.
CustomOdometry is resposible for doing all the math and storing
information about the robot's position and orientation. Everthing
15 static, because there doesn't nmeed to be more than one position
calculation.

* %X X ¥ * x %

*/
#pragma once // makes sure the file is only included once
#include "main.h" // give access to dependencies from other files
class CustomOdometry // class that organizes the sensors, calculations, and state
— wvariables for odometry

{
[* mmm e m e Constants ———————————————————————- */
static const double & moffFIn; // offset of forward tracking wheel %n inches
static const double & moffSIn; // offset of side tracking wheel %in inches
static const double & mcircIn; // tracking wheel circumference in inches
it Sensor References ———————————————————- */
static ADIEncoder & meF; // left tracking wheel encoder
static ADIEncoder & meS; // 7might tracking wheel encoder
static pros::Imu & mimul; // inertial sensors
static pros::Imu & mimu2;
/* mmm e m e Variables —————————=—————————————- */
static OdomState mstate; // position of the robot
static bool menabled; // whether or not the loop is allowed to rTun
/K mmmm oo Methods ————————————————————————- */
static std::valarray<double> getSensorVals(); // returns new sensor wvalues
friend void odomTaskFunc(void *); // task to be run all the time.

public:

static OdomState getState(); // returns the current state of the
— Tobot
static QLength getX(); // returns the z value of the state
static QLength getY(); // returns the y value of the state
static QAngle getTheta(); // returns the theta value of the
— State
static void setState(const OdomState & istate); // sets the state of the robot
static void enable(); // allows the odometry thread to be started (but does not
~ start it)
static void disable(); // stops the odometry thread from running, prevents it from
— starting
static OdomState mathStep(std::valarray<double> ivalsDiff); // does one iteration
— of odometry math, given sensor changes

};
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namespace def

{

extern CustomOdometry customOdom; // declares the customOdom object as extern, to make

—

}

void odomTaskFunc(void *); // friend function to CustomOdometry to be Tun as a separate

—

sure 1t only gets constructed once

thread
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1.14 include/util/definitions.hpp

J**
definitions.hpp

motors, sensors, controls, constants, and settings, so that
things that might need to be changed are all in one place.
*/
#pragma once // makes sure the file is only included once
#include "main.h" // gives access to dependancies from other files

*
*
* This file contains various declarations and definitions for
*
*
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#define DT_STATES DrivetrainStateMachine: :MStates

#define IT_STATES BallControlStateMachine::MIntake: :MStates
#define IX_STATES BallControlStateMachine::MIndezer::MStates
#define FW_STATES BallControlStateMachine: :MFlywheel: :MStates

#define makeFunc(t) [&]() <
#define cutDrive(t)

o \

{
- \

AsyncAction (i, makeFunc({ def::drivetrain.disable(); }))

[ \

}
namespace def
{
e e e *x/
/* Devices */
/K m */
/F m Motors ————=————————————————————— */
extern Motor mtr_dt_left_front;
extern Motor mtr_dt_right_front;
extern Motor mtr_dt_right_back;
extern Motor mtr_dt_left_back;
/K *x/
extern Motor mtr_it_left;
extern Motor mtr_it_right;
K m */
extern Motor mtr_ix;
/K */
extern Motor mtr_fwl;
extern Motor mtr_fw2;
Jk mm Sensors ————————————————————————— */
extern ADIEncoder track_encoder_forward;
extern ADIEncoder track_encoder_side;
extern pros::Imu imu_top;
extern pros::Imu imu_bottom;
/K m */
/* Controls */
K *x/
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k-

extern

/* ===
extern
extern
extern
extern

const
const

Controller controller;

————————————————————— Drivetrain —-—————————————————————— %/
ControllerButton btn_dt_tglFieldCentric;

———————————————————— Ball Control ----————————————————— %/
ControllerButton btn_bc_in;
ControllerButton btn_bc_out;

ControllerButton btn_bc_shoot;

ControllerButton btn_bc_down;

———————————————————————————————————————————————————————— */
Constants */

———————————————————————————————————————————————————————— *x/

—————————————————— Tracking Wheels ———————————————————— %/

QLength TRACK_WHEEL_DIAMETER = 2.847_in;

QLength TRACK_WHEEL_CIRCUMFERENCE = TRACK_WHEEL_DIAMETER * M_PI;
QLength TRACK_FORWARD_OFFSET = 2.3_in;

QLength TRACK_SIDE_OFFSET = 7_in;

————————————————————— Drivetrain —————--—————————————————— x/

QLength DRIVE_WHEEL_DIAMETER = 4.041_in;

double DRIVE_WHEEL_DIAMETER_IN = DRIVE_WHEEL_DIAMETER.convert (inch);

QLength DRIVE_WHEEL_CIRCUMFERENCE = DRIVE_WHEEL_DIAMETER * M_PI;

double DRIVE_WHEEL_CIRCUMFERENCE_IN = DRIVE_WHEEL_CIRCUMFERENCE.convert(inch);
QLength DRIVE_OFFSET = 42_in;

QAcceleration DRIVE_MAX_ACCEL = 1_G; // approzamate measured linear acceleration
QSpeed DRIVE_MAX_SPEED = 2.7_mps; // a measured linear velocity

—————————————————————— Settings ———————————————————————— %/
double SET_DT_MAX = 1; // default drivetrain maz speed (1 is 100%)
OdomState SET_ODOM_START = {0_ft, O_ft, O_deg}; // starting position of the robot

— on the field
} // namespace def
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1.15 include/util/util.hpp

Jk*

*

*

*

*/
#pr
#in

/%
/%
/%

uttl.hpp

Thts file contains miscellaneous utility functions and classes
to help with the general organization of the rest of the code.

agma once
clude

// makes sure the file is only included once
"main.h" // gives access to dependancties from other files

* ExtendedPoint struct inherits from the built in okapi Point struct,
, Like an orientation wvalue
(theta) as well as = and y values. It also adds some wvector operations.

*
*

*/

but provides additional functionality

struct ExtendedPoint : Point

{

ExtendedPoint (QLength ix, QLength iy, QAngle itheta);

QAngle theta{O_degl}; // stores the orientation at the point, with a default of O

— degrees

Tttt Subtracti

on ——-—

ExtendedPoint operator-(const ExtendedPoint & ivec);
ExtendedPoint sub(const ExtendedPoint & ivec);

S m Addition

ExtendedPoint operator+(const ExtendedPoint & ivec);
ExtendedPoint add(const ExtendedPoint & ivec);

Jk Multipliat

ion ——

QLength dot(const ExtendedPoint & ivec); // dot multiply the wvectors
ExtendedPoint operator*(const double iscalar);
ExtendedPoint scalarMult(const double iscalar); // multiply the vectors by a

— scalar

ExtendedPoint operator*(const ExtendedPoint & ivec); // elementwise multiplication
ExtendedPoint eachMult(const ExtendedPoint & ivec);

ettt Comparative

———————————————————— */

bool operator==(const ExtendedPoint & ipoint); // checks to see of the points are

— the same

Sk e Other

———————————————————— */

QLength dist(const ExtendedPoint & ivec); // distance between points

QLength mag();
ExtendedPoint normalize();
std: :string string();

Misc Functions

29
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e *x/

void waitForImu(); // blocks ezecution of the code until the imu is dome calibrating

S mm OdomDebug Helpers ——--———-—————————————- */

void odomSetState(OdomDebug: :state_t istate); // sets the state of odometry based on
— display inputs

void odomResetAl1(); // resets everything having to do with
— odometry (for "Reset" button)

S Task Functions —-———————————————————- */

void sm_dt_task_func(void *); // state machine drivetrain task to be run independently
void sm_bc_task_func(void *); // state machine ball control task to be run independently

void display_task_func(void *); // display task to be run independently

S Macros ————————————————————————— */
void deploy(); // deploys the robot

K */
/* Control */
/K */
/H mmmm o PID Class ———=——=———————=————————-—- /

PID is a feedback loop that uses the difference between the goal
and the current position (error) of the robot to decide how much
power to give the motors. The "P" stands for "proportional”, and
1t adds power proportional to the error, so it gets slower and
slower as 1t gets closer to the goal to prevent it from driving
too fast passed tt. The "D" stands for "derivative", because it
uses the derivative of the error (the speed of the robot) to apply
power. If the robot ©s moving too fast, the "D" term will slow
down, and tf i1t is moving too slow, the "D" term will speed up.
The "I" stands for "integral", because i1t uses the integral of the
error (the absement of the robot) to apply power. When the robot
15 close to the goal, sometimes the "P" and "D" terms do not

apply enough power to move the robot, but when the robot isn't
moving, the "I" term s acumulating, so it eventually builds up
enough to get the robot even closer to the goal. This implementation
of PID only enables the "I" term when the robot ts close enough

to the goal, to prevent "integral windup", which is when the
integral gets too big when it's too far away from the goal.

We have a PID controller class, because we use different PID loops
in many different places in the code, so we wanted to be able to
be able to quickly make one with constants specific to the application.

¥ X X X X X X X X X X X X X ¥ ¥ ¥ * x * * %

*/

class PID

{
double msettlerError, msettlerDerivative; // target error and derivative for the
— settler
QTime msettlerTime; // target time for the settler
std: :unique_ptr<SettledUtil> msettler; // okapi settler that is used to
— determine 1f the PID should stop, based on error, derivative, and time
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[}

-e

\
*

double mkP, mkI, mkD, mkIRange; // constants

double merror, mlastError, mtotalError;
double mderivative; // used for storing derivative before lastError is overwritten

public:
PID(double ikP, double ikI, double ikD, double ikIRange, double isettlerError,
—» double isettlerDerivative, QTime isettlerTime); // constructor

PID(const PID & iother); // copy constructor

double getLastError();
double getTotalError();

void setGains(double ikP, double ikI, double ikD);

double getP();
double getI();
double getD();

double iterate(double ierror); // goes through one iteration of the PID loop

bool isSettled(); // returns whether or not the controller is settled at the target

———————————————————————— Slew Class ————————————=——————————= /
Slew rate control is a system that limits the change in speed to
prevent wheel slip. If the robot changes speed to fast, the wheels
can slip, and make the robot's motion less fluid. When the target
speed changes by a lot, the slew rate controller slowly increases
1t's output to eventually get to the target speed.

This Slew rate controller is also intended to be used with PID, but
sometimes when slew ts used with PID, it interferes with the settling
of the PID. To prevent this, the slew rate controller is only active
when there are large changes in the target input wvalue, making it only
really affect the beginning of the motion. For example, tf the motors
aren't moving, and the target value suddenly jumps to 100J, the slew
controller might gradually increase by increments of 5/ until 4t
reaches 1007, but if the target wvalue jumps to from0j to 207, the

slew controller might not engage (actual wvalues depend on constants
"mincrement” and "mactiveDifference").

¥ X X X X X X X X X X X X * * *

*/

class Slew

{

double mincrement; // amount to change between each iteration
double mactiveDifference; // threshold to activate slew
double mlastValue; // previous value

public:
Slew(double iincrement, double iactiveDifference); // constructor

double getIncrement();
double getActiveDifference();
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};

*
*

double getLastValue();

double iterate(double ivalue); // limits the input value to mazimum changes
— described by constants when run in a loop

The util namespace is used to organaize basic functions that don't
necessarily need to be used for robotics.

*/

namespace util

——————————————————————— DEMA Filter ————————————=—————————— /
DEMA is short for Double Ezponential Moving Average. It is a method
75 a type of filter that smooths data and gives more weight to

more recent values.

A Simple Moving Average (SMA) takes the mean of a certain number
of values over a specified period of time. An Ezponential Moving
Average (EMA) is similar, but it gives more weight to newer wvalues,
so 1t more closly tracks the actual value. A DEMA is the EMA of

an EMA. More specifically, it %is calculated by 2EMA - EMA(EMA),

and 1t gives even more weight to newer wvalues.

The DEMAFilter class was originally added as an easy way to improve
the quality of angle measurements from the inertial semsor. It was
needed because the odometry loop updates at 100hz, and the inertial
sensors used to only update at 50hz. The DEMA filter did improve
the position calculation a small amount, but now the inertial
sensor can update at 100hz (maybe more; it's unclear), and the
filter is no longer useful.

*/

template <int N> // the DEMA filter can be set to use the previous N wvalues, changing

—

how significant newer values are

class DEMAFilter

{

const double mk; // weighting constant
double mlastEMA, mlastEMAEMA; // previous EMA walues

double EMACalc(double & inext, double & iold) { return (inext - iold) * mk + iold;

— Y} // EMA calculation

public:

DEMAFilter(std::array<double, 2 * N - 1> ifirstVals) : mk(2.0 / (N + 1)) // to
— start filtering values, the DEMA filter needs to have pre-filtered values.

< constructor calculates the "last" values of the EMA and EMA(EMA)
{
for (int i = 0; 1 < N; i++) // calc sum of the first N numbers
{
mlastEMA += ifirstVals[i];
X
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mlastEMA /= N; // store the SMA (mean) of the first N numbers

mlastEMAEMA = mlastEMA;
for (int i = 0; i < N - 1; i++)

{
mlastEMA = EMACalc(ifirstVals[i + N], mlastEMA); // put the next wvalues
— from the input through EMA filter
mlastEMAEMA += mlastEMA; // store sum of these
— wvalues
}
mlastEMAEMA /= N; // store the SMA (mean) of the first N values from the EMA
}
double filter(double iinput) // filters the input wvalue by doing DEMA calculation
{
double EMA = EMACalc(iinput, mlastEMA); // first EMA
double EMAEMA = EMACalc(EMA, mlastEMAEMA); // EMA of first EMA (EMA(EMA))
mlastEMA = EMA; // store previous EMA
mlastEMAEMA = EMAEMA; // store previous EMA(EMA)
return 2 * EMA - EMAEMA; // 2EMA - EMA(EMA)
}
};
Sk mm Angle Wrappers —-—-——-———————————————- /

* All of these functions take an angle as an input, and return an
* angle fitting into a certain range. For example, wrapDeg(370) would
* return 10, and wrapDeg180(200) would return -160

*/
double wrapDeg(double iangle); // [0, 360)
double wrapDegl80(double iangle); // [-180, 180)
double wrapRad(double iangle); // [0, 2pi)
double wrapRadPI(double iangle); // [-pi, pi)
QAngle wrapQAngle(QAngle iangle); // [0_deg, 360_deg)

QAngle wrapQAngle180(QAngle iangle); // [-180_deg, 180_deg)

e Find Max ———-—-—————————————————- /
* these functions all find the mazimum value of a few different types
* of inputs. They use templates so they can be used on different types,
* and on arrays of different lengths.
*/
template <class T, std::size_t N>
T findMax(const std::array<T, N> && iarray) // returns the maz value in iarray
{
T largest = iarray.at(0); // gives largest a value to compare with
for (const T & val : iarray) // loops through all values
if (val > largest)
largest = val; // stores the largest wvalue
return largest;
}
template <class T, std::size_t N>
T findMax(const std::array<T, N> & iarray) // returns the maz value in iarray
{

T largest = iarray.at(0); // gives largest a value to compare with
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for (const T & val : iarray) // loops through all values
if (val > largest)
largest = val; // stores the largest wvalue
return largest;
}

template <class T, std::size_t N>

T findAbsMax(const std::array<T, N> && iarray) // returns the maz absolute wvalue in

- 1array

{
T largest = iarray.at(0); // gives largest a value to
for (const T & val : iarray) // loops through all values
if (abs(val) > largest)
largest = abs(val); // stores the largest wvalue
return largest;
}

template <class T, std::size_t N>

T findAbsMax(const std::array<T, N> & iarray) // returns the maz absolute value in

- tarray

{
T largest = iarray.at(0); // gives largest a walue to
for (const T & val : iarray) // loops through all values

if (abs(val) > largest)
largest = abs(val); // stores the largest value

return largest;

}

/F m Fitters ————————————————————————

compare with

compare with

* These functions modfify the input to fit in a specified range

*/
template <std::size_t N>

std: :array<double, N> scaleToFit(double imagnitude, std::array<double, N> && iarray) //
— scales all elements in tarray to fit within [-imagnitude,

{
double largest = findAbsMax<double, N>(iarray);
if (largest > imagnitude) // if anything is out of range
{
largest = std::abs(largest);

for (double & val : iarray) // scales everything down to fit in the range

val = val / largest * imagnitude;
¥

return iarray;

}

template <std::size_t N>

void scaleToFit(double imagnitude, std::array<double, N> & iarray) // scales all

imagnitude]

— elements in tarray to fit within [-imagnitude, imagnitude]

{
double largest = findAbsMax<double, N>(iarray);
if (largest > imagnitude) // <f anything is out of range
{
largest = std::abs(largest);
for (double & val : iarray) // scales everything down to fit in the range
val = val / largest * imagnitude;
X
}
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template <class T, std::size_t N>

void chop(T imin, T imax, std::array<T, N> & iarray) // +f any values in tarray are out

— of range, they are set to the limit

{
for (double & val : iarray)
{
if (val > imax)
val = imax;
else if (val < imin)
val = imin;

3

template <class T>

void chop(T imin, T imax, T & inum) // if the value is out of range, it is set to the

- limit
{
if (inum > imax)
inum = imax;
else if (inum < imin)
inum = imin;
}
} // namespace util
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2 Source Files

2.1 src/Auton.cpp

/**
Auton.cpp

which %s responsible for reading the sd card to determine
which auton is selected, and running the correct auton.
*/

#include "main.h" // gives access to Auton and other dependencies

*
*
* This contains the definitions of the Auton struct,
*
*

Auton: :Autons Auton::auton =
Auton: :Autons: :none; // default auton is none, if the sd card is not installed

void Auton::readSettings() // read the sd card to set the settings

{
FILE x file; // cpp a file object to be used later
if (pros::usd::is_installed()) // checks if the sd card is installed before trying
— to read 1t

{
file = fopen("/usd/auton_settings.txt", "r"); // open the auton settings
if (file) // check to see if the file opened correctly
{
fscanf (file, "%i", &auton);
}
else
{
std::cout << "/usd/auton_settings.txt is null."
<< std::endl; // <f the file didn't open right, tell the terminal
}
fclose(file); // close the file
}
}
void Auton::runAuton() // runs the selected auton
{
pros: :Task auton_task(auton_task_func);
}
/*
/ \
/1 ]
\____/
*/
/K m */
/* Private Information */
K *x/

void Auton::auton_task_func(void *) // separate thread for running the auton, in case a
— particular

// auton meeds control over its thread
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// when making autons, you must add the text to the dropdown in DisplayControl.cpp,
< @ new enum
// value in Auton.hpp, and a new case is this switch
switch (auton)
{
case Autons::none:
break;
case Autons::test:
def: :sm_dt.doAutonMotion(makeFunc ({
def::drivetrain.strafeToPoint ({4_ft, O_ft, O_deg});
def: :drivetrain.strafeToPoint ({4_ft, -3.8_ft, 180_deg});
def::drivetrain.strafeToPoint({4_in, -3.8_ft, O_deg});
def::drivetrain.strafeToPoint({4_in, -4_in, O_deg});
)
break;
case Autons::prog:
/**
* “makeFunc()” is a preprocessor macro that takes the contents and turns
them into a
* lambda function, [J(O{}. It is frequently used to specify the actions in
* AcyncActions.
*
* “cutDrive()” is a preprocessor macro that adds an AsyncAction to the
motion that
* disables the motion at a certain error (in inches) from the target. This
1s used
* frequently because many motions do not meed to go exzactly to the target.
When
* possible, stopping the motion before it reaches the target ts faster,
because it
* doesn't need to use PID to settle.
*/
CustomOdometry: :setState({8_in, 37_in, O_deg}); // set the starting position
def: :sm_dt.doAutonMotion (makeFunc ({
deploy(); // deploys the hood
[F e Goal 1 ——————————————— */
def::sm_bc.ixUp(); // start the indexer to get the first ball
def::drivetrain.strafeToPoint(
{17_in, 36_in, O_deg}, // get the first ball (now 2 balls)

cutDrive(2));
def::drivetrain.strafeToPoint({156_in, 16_in, 225_degl}, // line up with
— goal #1

cutDrive(1.5));
def::sm_bc.ix0ff(); // turns off the indexer
pros: :delay(300) ;
def::sm_bc.shoot(); // now 1 ball

def: :drivetrain.strafeToPoint (
{35_in, 24_in, -90_deg}, // line up with the second ball
cutDrive(2));
def::sm_bc.ixUp(); // get ready for the next ball by starting the
- indezer
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133

134

135

136

def

—

def:

>

def:

def:

def:
def:

def

def:
def:

def:
def:

def:

def:
def:

def

def:
def:

::drivetrain.strafeToPoint ({35_in, 10_in, -90_degl}); // get the next
ball (nmow 2)
:drivetrain.strafeToPoint ({73_in, 26_in, O_deg}, // get the next
ball (now 3)
cutDrive(2));
:drivetrain.strafeToPoint(
{73_in, 29_in, -90_deg}, {}, PID(0.4, 0.005, 2.6, 0.5, 0.5, 0.5,
< 1_ms),
PID(0.028, 0.0, 0.08, 0.0, 5, 2,
1_ms)); // turn to face the goal with custom PID gains, becuase
— for some
// reason, this specific motion frequently settled
— 1nconsistantly
:drivetrain.strafeToPoint ({71_in, 20_in, -90_degl}, // drive to the
next goal
cutDrive(1));
:sm_bc.ix0f£(); // turns off the indezer
:sm_bc.shoot(); // now 2 balls

::drivetrain.strafeToPoint (
{108_in, 34_in, O_deg},
{AsyncAction(10,

makeFunc ({ def::sm_bc.ixUp(); })), // start the

— tndexzer mid-motion
AsyncAction(2, makeFunc({ def::drivetrain.disable(); }))}); //

< same cutDrive(2)
:drivetrain.strafeToPoint({118_in, 34_in, O_deg}, cutDrive(1));
:drivetrain.strafeToPoint({126_in, 14_in, -36_deg}, // line up with
goal #3
cutDrive(1));

:sm_bc.ix0f£(); // turn off the indezer
:sm_bc.shoot(); // now 2 balls

—————————————————————————— Goal 4 ———————————————————————— %/
:drivetrain.strafeToPoint({114_in, 72_in, O_deg}, // move towards
goal #4

cutDrive(3));
:sm_bc.ixUp(Q);
:drivetrain.strafeToPoint ({125_in, 72_in, -2_deg}, // line up with
goal #4

cutDrive(1));
c:sm_bc.ix0f£(); // turs the indezer off
:sm_bc.shoot(); // now 1 ball
:sm_bc.ixUp(); // get ready to shoot the next ball

pros: :delay(700) ;

def

def:

def

>

def

::sm_bc.shoot(); // shoot mow 0 balls
:sm_bc.ix0f£(); // turns the indexer off

—————————————————————————— Goal 5 —————————————————————— %/
::drivetrain.strafeToPoint ({122_in, 90_in, 90_deg}, // move towards
the next ball
cutDrive(2));
s:sm_bc.ixUp(Q); // turns the indezer on
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180

181

182

def::drivetrain.strafeToPoint (
{123_in, 108_in, 90_deg}, // get the next ball (now 1 ball)
cutDrive(1));
def::drivetrain.strafeToPoint ({120_in, 124_in, 45_deg}, // move towards
-~ goal #5
cutDrive(3));
def::drivetrain.strafeToPoint({130_in, 126_in, 43_deg}, // line up with
— goal #5
cutDrive(1));
def::sm_bc.shoot(500); // now 0 balls
def::sm_bc.ix0ff(); // turns the indezer off

Sk Goal 6 ———————————— */
def::sm_bc.ixUp(); // turns the indexer on
def::drivetrain.strafeToPoint (
{85_in, 120_in, 180_deg}, // move towards the next ball
cutDrive(2));
def: :drivetrain.strafeToPoint ({70_in, 118_in, 180_deg}, // get the next
< ball (now 1)
cutDrive(1));
def::drivetrain.strafeToPoint ({77_in, 123_in, 90_deg},
cutDrive(0.25)); // line up with the goal
def: :sm_bc.shoot(600); // now O
def::sm_bc.ix0ff(); // turns off the indezer
pros: :delay(100); // pause to make sure the shot works

[F m Goal 7 —————————————— */
def::sm_bc.ixUp(); // get ready for the next ball
def::drivetrain.strafeToPoint({37_in, 124_in, 90_degl}, // line up with
— the next ball

cutDrive(3));
def::drivetrain.strafeToPoint ({38_in, 136_in, 90_deg}); // get the next
- ball (now 1)
def: :drivetrain.strafeToPoint({17.5_in, 125.5_in, 119_degl}, // line up
— wtth goal #7

cutDrive(1));
def: :sm_bc.shoot(600); // now 0 balls
def::sm_bc.ix0ff(); // turns off the indezer

Sk Goal 8 ————————————— */
def::drivetrain.strafeToPoint ({28_in, 129_in, -90_deg}); // turn around
def::sm_bc.ixUp(); // turns the indezer on
def::drivetrain.strafeToPoint (
{28_in, 119_in, -90_deg}, // gets the nezt ball (now 1)
cutDrive(2));
def: :drivetrain.strafeToPoint ({28_in, 69_in, 180_deg}, // move towards
— goal #8
cutDrive(3));
def::drivetrain.strafeToPoint({21_in, 72_in, 180_deg}, // line up with
— goal #8
cutDrive(1));
def: :sm_bc.shoot (600); // now O
def::sm_bc.ix0ff();
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Tt Goal 9 ——————————————— */
def: :drivetrain.strafeToPoint({23_in, 72_in, O_degl}, cutDrive(0.5)); //
-~ turn around
def::sm_bc.ixUp(); // get ready to get the ball by turning the indezer
<~ on
def::drivetrain.strafeToPoint ({48_in, 72_in, O_deg}, // get the next
< ball (now 1)
cutDrive(1));
def::drivetrain.strafeToPoint (
{36_in, 72_in, O_deg}, // back up to make sure the descorer doesn't
— hit the goal
cutDrive(2));
def::sm_bc.itOut(); // deploy
pros: :delay(600); //
def::sm_bc.it0f£f(); // stop the descorer
def::drivetrain.strafeToPoint ({56_in, 69_in, O_degl}); // descore
pros: :delay(500);
def::sm_bc.ix0ff(); // stop the indezer
def: :drivetrain.strafeToPoint({30_in, 76_in, O_degl}, cutDrive(2)); //

— back up
def::drivetrain.strafeToPoint ({57_in, 79_in, -10_deg}, // go to the goal
cutDrive(1));
def: :sm_bc.shoot(); // now 0
)
break;
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2.2 src/definitions.cpp

definitions. cpp

motors, sensors, controls, constants, and settings, so that
things that might need to be changed are all in one place.

*/

*
*
* This file contains various declarations and definitions for
*
*

#include "main.h" // gives access to definition.hpp and other dependencies

namespace def

{

/K m */
/* Devices */
K *x/
Sk Motors ——————————————————————— */

Motor mtr_dt_left_front(16);
Motor mtr_dt_right_front(-1);
Motor mtr_dt_right_back(-19);
Motor mtr_dt_left_back(20);

Motor mtr_it_left(18);
Motor mtr_it_right(-3);

/K */
Motor mtr_ix(2);
e e e *x/

Motor mtr_fwl(-17);
Motor mtr_fw2(7);

SF Sensors ————————————————————————— */
ADIEncoder track_encoder_forward('G', 'H', true);

ADIEncoder track_encoder_side('E', 'F', true);

pros::Imu imu_top(4);

pros::Imu imu_bottom(5);

e */
/* Controls */
K m *x/

Controller controller = Controller();

/F Drivetrain ————-——————————————————— */
ControllerButton btn_dt_tglFieldCentric = ControllerDigital::A;

Sk mm Ball Control —————————————————————— */
ControllerButton btn_bc_in = ControllerDigital::R1;
ControllerButton btn_bc_out = ControllerDigital::R2;
ControllerButton btn_bc_shoot = ControllerDigital::L1;
ControllerButton btn_bc_down = ControllerDigital::L2;

/K m */
/* Constructs */
K *x/
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CustomOdometry customOdom = CustomOdometry(); // object that calculates posttion

Drivetrain drivetrain = Drivetrain(); // used by DrivetrainStateMachine for drivetrain
— control

DrivetrainStateMachine sm_dt = DrivetrainStateMachine(); // state machine to control
— the drivetrain

BallControlStateMachine sm_bc = BallControlStateMachine(); // state machine for ball
— manipulators

} // namespace def

42



20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

2.3 src/main.cpp

Jk*

main.cpp

starts all of the separate tasks that are needed for controlling
the robot, and has all the functions called by the competition
switch.

*/

#include "main.h" // gives access to dependencies from other files

*
*
* This file contains the orchestration of all the compenents. It
*
*
*

DisplayControl def::display = DisplayControl();
pros::Task sm_dt_task(sm_dt_task_func);

pros: :Task sm_bc_task(sm_bc_task_func);

pros: :Task odomTask(odomTaskFunc) ;

pros::Task display_task(display_task_func);

Jk*

* Runs initialization code. This occurs as soon as the program is started.

* All other competition modes are blocked by initialize; tt s Tecommended
* to keep execution time for this mode under a few seconds.
*/
void initialize()
{
Auton: :readSettings(); // read sd card to remeber the auton selected when the brain
— was run last
def::display.setAutonDropdown(); // update auton dropdown to match the sd card

def::mtr_dt_left_front.setEncoderUnits(AbstractMotor: :encoderUnits: :degrees);
def: :mtr_dt_right_front.setEncoderUnits(AbstractMotor: :encoderUnits: :degrees) ;
def: :mtr_dt_right_back.setEncoderUnits(AbstractMotor: :encoderUnits: :degrees);
def::mtr_dt_left_back.setEncoderUnits(AbstractMotor: :encoderUnits: :degrees) ;
def::mtr_it_left.setEncoderUnits(AbstractMotor: :encoderUnits: :degrees) ;
def::mtr_it_right.setEncoderUnits(AbstractMotor: :encoderUnits: :degrees) ;

def: :mtr_ix.setEncoderUnits(AbstractMotor: :encoderUnits: :degrees) ;

def: :mtr_fwl.setEncoderUnits(AbstractMotor: :encoderUnits: :degrees);

def: :mtr_fw2.setEncoderUnits(AbstractMotor: :encoderUnits: :degrees);

3

VL]
* Runs whtle the robot ts in the disabled state of Field Management System or
* the VEX Competition Switch, following either autonomous or opcontrol. When
* the robot 72s enabled, this task will exit.
*/

void disabled() {}

VAL
* Runs after initialize(), and before autonomous when connected to the Field
* Management System or the VEX Competition Switch. This %s intended for
* competition—-specific initialization routines, such as an autonomous selector
* on the LCD.
*
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* This task will exit when the robot is enabled and autonomous or opcontrol
* starts.
*/

void competition_initialize() {}

VAL
* Runs the user autonomous code. This function will be started in its own task
* with the default priority and stack size whenever the robot is enabled via
* the Field Management System or the VEX Competition Switch in the autonomous
* mode. Alternatively, this function may be called in initialize or opconirol
* for nmon-competition testing purposes.
*

*

If the robot is disabled or communications ts lost, the autonomous task
* will be stopped. Re-enabling the robot will restart the task, not re-start it
* from where it left off.

*/
void autonomous()
{
Auton: :runAuton(); // uses the auton class to run the slected auton
}
/**
* Runs the operator control code. This function will be started in its own task
* with the default priority and stack size whenever the robot is enabled via
* the Field Management System or the VEX Competition Switch in the operator
* control mode.
*
* If no competition control is connected, this function will run immediately
* following initialize().
*
* If the robot is disabled or communications s lost, the
* operator control task will be stopped. Re-enabling the robot will restart the
* task, not resume it from where it left off.
*/
void opcontrol()
{
def::sm_dt.setState(
DT_STATES: :manual); // set the drivetrain to basic controls during drivercontrol
// there is no need for a loop in opcontrol(), because there are already other
— tasks running
// that control all of the movement
// while (true)
/7 A
V4 pros: :delay(20);
/7
}
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2.4 src/gui/DisplayControl.cpp
Jk*
* DisplayControl.cpp
*
* This file cointains the definitions for the DisplayControl class.
* DisplayControl is the class that handles the organization of the
* LittleV Graphics Library (LVGL) objects on the screen of the brain.
*/
#include "main.h" // gives access to the DisplayControl declaration and other
— dependencies
/¥ mmmmmm e Tabview Elements —————————————————=——= */
lv_obj_t * DisplayControl::mtabview = lv_tabview_create(lv_scr_act(), NULL); // creates
— the tabuview
lv_obj_t * DisplayControl::mtabview_odom = lv_tabview_add_tab(

1v_

1v_

1v_

DisplayControl: :mtabview,
"Odom"); // creates the tab on the screen that shows the calculated robot position

obj_t * DisplayControl::mtabview_auton = lv_tabview_add_tab(

DisplayControl: :mtabview, "Auton"); // creates the tab with the auton selection

— dropdown
obj_t * DisplayControl::mtabview_auton_dropdown =

lv_ddlist_create(mtabview_auton, NULL); // creates the auton selection dropdown
res_t DisplayControl: :tabview_auton_dropdown_action(

lv_obj_t * idropdown) // specifies the code to be ezecuted when the auton dropdoun

— 1s changed

FILE x file; // creates an object that will be used to reference the file
— containing the
// selected auton
if (pros::usd::is_installed()) // makes sure the sd card is installed before trying
— to access
// its contents

{
file = fopen("/usd/auton_settings.txt", "w"); // opens the auton settings file
if (file) // makes sure the file was accessed correctly
{
fprintf(file, "%i",
lv_ddlist_get_selected(idropdown)); // update sd card based on new
- wvalue
}
else
{
std: :cout
<< "/usd/auton_settings.txt is null"
<< std::endl; // output to the terminal tf the sd card was not accessed
— correctly
}
fclose(file);
Auton: :readSettings(); // update auton based on new sd card values
}
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return LV_RES_OK; // required for dropdown callback
}

lv_obj_t * DisplayControl::mtabview_graph = lv_tabview_add_tab(

DisplayControl: :mtabview, "Graph"); // creates the tab with the graph for debugging

lv_obj_t * DisplayControl::mtabview_graph_chart =
lv_chart_create(DisplayControl: :mtabview_graph, NULL); // create the graph

// create 7 series of different color, so it is easy to make a graph with any color
lv_chart_series_t * DisplayControl::mtabview_graph_chart_series_0 =
lv_chart_add_series(DisplayControl: :mtabview_graph_chart, LV_COLOR_RED);
lv_chart_series_t * DisplayControl::mtabview_graph_chart_series_1 =
lv_chart_add_series(DisplayControl: :mtabview_graph_chart, LV_COLOR_ORANGE) ;
lv_chart_series_t * DisplayControl::mtabview_graph_chart_series_2 =
lv_chart_add_series(DisplayControl: :mtabview_graph_chart, LV_COLOR_YELLOW);
lv_chart_series_t * DisplayControl::mtabview_graph_chart_series_3 =
lv_chart_add_series(DisplayControl: :mtabview_graph_chart, LV_COLOR_GREEN) ;
lv_chart_series_t * DisplayControl::mtabview_graph_chart_series_4 =
1v_chart_add_series(DisplayControl::mtabview_graph_chart, LV_COLOR_BLUE) ;
lv_chart_series_t * DisplayControl::mtabview_graph_chart_series_5 =
lv_chart_add_series(DisplayControl: :mtabview_graph_chart, LV_COLOR_PURPLE);
lv_chart_series_t * DisplayControl::mtabview_graph_chart_series_6 =
lv_chart_add_series(DisplayControl: :mtabview_graph_chart, LV_COLOR_MAGENTA);

lv_obj_t * DisplayControl::mtabview_misc =
lv_tabview_add_tab(DisplayControl: :mtabview, "Misc"); // creates the miscelaneus
— debugging tab

lv_obj_t * DisplayControl::mtabview_misc_container =
lv_obj_create(DisplayControl: :mtabview_misc, NULL);

lv_obj_t * DisplayControl::mtabview_misc_label =
lv_label_create(mtabview_misc_container, NULL); // creates the left text boz

lv_obj_t * DisplayControl::mtabview_misc_label_2 =
lv_label_create(mtabview_misc_container, NULL); // creates the right text box

Sk Styles ————————————————————————— */
lv_style_t DisplayControl::mstyle_tabview_indic;

lv_style_t DisplayControl::mstyle_tabview_btn;

lv_style_t DisplayControl::mstyle_tabview_btn_tgl;

lv_style_t DisplayControl::mstyle_tabview_btn_pr;

lv_style_t DisplayControl::mstyle_tabview_container;

lv_style_t DisplayControl::mstyle_text;

K *x/
/* Public Information */
K *x/

DisplayControl: :DisplayControl() : modom(mtabview_odom, LV_COLOR_PURPLE)
{

Tttt Style Setup ——————————————————————- /
* Specifies what each style should look like when they are used.
*/

lv_style_copy(&mstyle_tabview_indic, &lv_style_plain);
mstyle_tabview_indic.body.padding.inner = 5;

lv_style_copy(&mstyle_tabview_btn, &lv_style_plain);
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mstyle_tabview_btn.body.main_color = LV_COLOR_PURPLE;
mstyle_tabview_btn.body.grad_color = LV_COLOR_PURPLE;
mstyle_tabview_btn.text.color = LV_COLOR_WHITE;
mstyle_tabview_btn.body.border.part = LV_BORDER_BOTTOM;
mstyle_tabview_btn.body.border.color = LV_COLOR_WHITE;
mstyle_tabview_btn.body.border.width = 1;
mstyle_tabview_btn.body.padding.ver = 4;

lv_style_copy(&mstyle_tabview_btn_tgl, &mstyle_tabview_btn);
mstyle_tabview_btn_tgl.body.border.part = LV_BORDER_FULL;
mstyle_tabview_btn_tgl.body.border.width = 2;

lv_style_copy(&mstyle_tabview_btn_pr, &lv_style_plain);
mstyle_tabview_btn_pr.body.main_color = LV_COLOR_WHITE;
mstyle_tabview_btn_pr.body.grad_color = LV_COLOR_WHITE;
mstyle_tabview_btn_pr.text.color = LV_COLOR_WHITE;

lv_style_copy(&mstyle_tabview_container, &lv_style_plain_color);
mstyle_tabview_container.body.main_color = LV_COLOR_PURPLE;
mstyle_tabview_container.body.grad_color = LV_COLOR_PURPLE;
mstyle_tabview_container.body.border.width = O;
mstyle_tabview_container.body.radius = 0;
mstyle_tabview_container.body.padding.inner = O;
mstyle_tabview_container.body.padding.hor = O;
mstyle_tabview_container.body.padding.ver = O;

134

135

136

137

139

lv_style_copy(&mstyle_text, &lv_style_plain);
LV_COLOR_WHITE;
mstyle_text.text.opa = LV_0PA_100;

mstyle_text.text.color =

lv_tabview_set_style(mtabview, LV_TABVIEW_STYLE_INDIC,
&mstyle_tabview_indic); // set tabuview styles

lv_tabview_set_style(mtabview,
lv_tabview_set_style(mtabview,
lv_tabview_set_style(mtabview,
< &mstyle_tabview_btn_tgl);
lv_tabview_set_style(mtabview,

Sk Auton Tab
* When making autons, you must add the text this dropdown, a new
* enum value in Auton.hpp, and a new case in the switch in Auton.cpp.

*/

LV_TABVIEW_STYLE_BTN_REL, &mstyle_tabview_btn);
LV_TABVIEW_STYLE_BTN_PR, &mstyle_tabview_btn_pr);
LV_TABVIEW_STYLE_BTN_TGL_REL,

LV_TABVIEW_STYLE_BTN_TGL_PR, &mstyle_tabview_btn_pr);

lv_ddlist_set_options(mtabview_auton_dropdown, "none\n"
"test\n"
"prog\n"); // auton types in
— selection dropdown
lv_ddlist_set_action(mtabview_auton_dropdown,
tabview_auton_dropdown_action); // set the dropdown callback to
// tabview_auton_dropdown_acti
< on()
lv_obj_align(mtabview_auton_dropdown, NULL, LV_ALIGN_IN_TOP_LEFT, O,
0); // align the dropdown in the top left

lv_obj_set_style(mtabview_auton, &mstyle_tabview_container); // set styles

47



160

161

162

163

164
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167

168

169

170

172

173

174

175

176

177

178

179

181

182

183

184

185

186

187

188

189

190

192

}

Sk Graph Tab ———————————————————————— */
lv_obj_set_style(mtabview_graph, &mstyle_tabview_container); // set styles
lv_obj_set_style(mtabview_graph_chart, &mstyle_tabview_btn_pr);

lv_page_set_sb_mode (mtabview_graph, LV_SB_MODE_QOFF); // hide scrollbar

lv_chart_set_type(mtabview_graph_chart, LV_CHART_TYPE_LINE); // make chart graph
— lines
lv_chart_set_point_count (mtabview_graph_chart,
lv_obj_get_width(mtabview_graph_chart) * 2); // set number
— of points
1lv_chart_set_div_line_count (mtabview_graph_chart, 9, 5); // set the number of chart
— lines
lv_obj_set_size(mtabview_graph_chart, lv_obj_get_width(mtabview_graph),
lv_obj_get_height (mtabview_graph)); // set the graph to fill the
— screen
lv_obj_align(mtabview_graph_chart, NULL, LV_ALIGN_CENTER, O, -10); // center chart

[F Misc Tab ————————=———————————————— */
lv_page_set_sb_mode (mtabview_misc, LV_SB_MODE_OFF); // htde scrollbar

lv_obj_set_style(mtabview_misc, &mstyle_tabview_container); // set styles
lv_obj_set_style(mtabview_misc_container, &mstyle_tabview_container);
lv_obj_set_size(mtabview_misc_container, lv_obj_get_width(mtabview_misc),
lv_obj_get_height (mtabview_misc)); // set up the background
lv_obj_align(mtabview_misc_container, NULL, LV_ALIGN_CENTER, 0, 0);
lv_obj_set_style(mtabview_misc_label, &mstyle_text); // set up text bozes (labels)
lv_obj_set_style(mtabview_misc_label_2, &mstyle_text);

lv_label_set_text(mtabview_misc_label, "No data provided."); // set default text
— for labels
lv_label_set_text(mtabview_misc_label_2, "No data provided.");

lv_obj_align(mtabview_misc_label, mtabview_misc_container, LV_ALIGN_IN_TOP_LEFT, O,
0); // align labels

lv_obj_align(mtabview_misc_label_2, mtabview_misc_container, LV_ALIGN_IN_TOP_RIGHT,

- =70, 0);

modom. setStateCallback(
odomSetState); // set callbacks for odomDebug to make it interactive on the
— screen

modom.setResetCallback (odomResetAll);

void DisplayControl::setOdomData() // sets the information on the OdomDebug window to

—

{

the new
// calculated odom data

modom. setData({CustomOdometry: :getX(), CustomOdometry::getY(),

— CustomOdometry: :getTheta(D},
{def: :track_encoder_forward.get(), def::track_encoder_side.get(),
<~ 0.0});
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223

224

226

227

228

230

231

232

233

235

236

void DisplayControl::setAutonDropdown() // update the auton dropdown to match the sd
- card
{

lv_ddlist_set_selected(mtabview_auton_dropdown, (int)Auton::auton);

}

void DisplayControl::setChartData(int iseries,
double ivalue) // inputs new values to a specific
— chart series

switch (iseries) // updates the correct sertes with the new value
{

case O:
lv_chart_set_next(mtabview_graph_chart, mtabview_graph_chart_series_0O,
— ivalue);
break;

case 1:
lv_chart_set_next(mtabview_graph_chart, mtabview_graph_chart_series_1,
« ivalue);
break;

case 2:
lv_chart_set_next(mtabview_graph_chart, mtabview_graph_chart_series_2,
— ivalue);
break;

case 3:
lv_chart_set_next(mtabview_graph_chart, mtabview_graph_chart_series_3,
— ivalue);
break;

case 4:
lv_chart_set_next(mtabview_graph_chart, mtabview_graph_chart_series_4,
— ivalue);
break;

case b:
lv_chart_set_next(mtabview_graph_chart, mtabview_graph_chart_series_5,
« ivalue);
break;

case 6:
lv_chart_set_next(mtabview_graph_chart, mtabview_graph_chart_series_6,
— ivalue);
break;

}

void DisplayControl::setMiscData(int ilabel,
std: :string itext) // set the text on texzt boxz (label)
- 1 or 2

{
if (ilabel == 1)
{
lv_label_set_text(mtabview_misc_label, itext.c_str());
}
else if (ilabel == 2)
{

lv_label_set_text(mtabview_misc_label_2, itext.c_str());
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2.5 src/gui/odomDebug.cpp

Jk*
odomDebug. cpp

The contents of this file were not written by any members of 333A4*.
Thts 1s code from the publicly availible GitHub repository, odomDebug
by theol0403, found here: https://qithub.com/theol0403/0odomDebug.

*
*
*
*
*
*
* The OdomDebug class ts used for the tab on the screen of the brain
* that shows the odometry position of the robot in the form of number

* values and a moving circle on a picture of the field representing the
* robot.

*

*

*slight modifications were made to make it work with the display
*/

#include "main.h"

Jk*
* Oparam iz @Length
* Oparam 1y @Length
* Oparam ttheta (JAngle
*/

OdomDebug: :state_t: :state_t(QLength ix, QLength iy, QAngle itheta) : x(ix), y(iy),

< theta(itheta) {}

J**
* Oparam iz inches
* O@param 1y inches
* @param itheta radians
*/
OdomDebug: : state_t: :state_t(double ix, double iy, double itheta)
: x(ix * inch), y(iy * inch), theta(itheta * radian)

{
}

VL]
* Oparam tleft the left encoder value
* Oparam tright the right encoder value
*/
OdomDebug: : sensors_t: :sensors_t (double ileft, double iright)
: left(ileft), right(iright), hasMiddle(false)

{
}
VALS

* Oparam tleft the left encoder value

* O@param tright the right encoder value

* Oparam tmiddle imiddle the middle encoder value

*/

OdomDebug: :sensors_t: :sensors_t(double ileft, double iright, double imiddle)

: left(ileft), right(iright), middle(imiddle), hasMiddle(true)

{
}
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54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

101

102

%k
* Okapti units that represent a tile (2ft) and a court(12ft)
* Literals are “_tl" and “_crt”, respectivly
*/

namespace okapi

{

constexpr QLength tile = 2 * foot;

constexpr QLength court = 12 * foot;

inline namespace literals

{

constexpr QLength operator"" _tl(long double x) { return static_cast<double>(x) * tile;
- }

constexpr QLength operator"" _crt(long double x) { return static_cast<double>(x) *

— court; }

constexpr QLength operator"" _tl(unsigned long long int x) { return
— static_cast<double>(x) * tile; }

constexpr QLength operator"" _crt(unsigned long long int x)

{

return static_cast<double>(x) * court;

}
} // namespace literals
} // namespace okapi

J k%

* Constructs the OdomDebug object.

* O@param parent the lvgl parent, color is inherited

*/
OdomDebug: : 0domDebug(lv_obj_t * parent)

: OdomDebug(parent, 1lv_obj_get_style(parent)->body.main_color)

{
}

%k
* Constructs the OUOdomDebug object.
* @param parent the lvgl parent
* @param mainColor The main color for the display
*/
OdomDebug: : 0domDebug (1v_obj_t * parent, lv_color_t mainColor)
container (1v_obj_create(parent, NULL))
{
VL]
* Container Style
*/
lv_style_copy(&cStyle, &lv_style_plain_color);
cStyle.body.main_color = mainColor;
cStyle.body.grad_color = mainColor;
cStyle.body.border.width = O;
cStyle.body.radius = 0;
cStyle.body.padding.inner = O;
cStyle.body.padding.hor = 0;
cStyle.body.padding.ver = O;

lv_obj_set_style(parent, &cStyle);
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148

149

150

152

153

lv_obj_set_size(container, lv_obj_get_width(parent), lv_obj_get_height(parent));
lv_obj_align(container, NULL, LV_ALIGN_CENTER, 0, 0);

lv_obj_set_style(container, &cStyle);

/%%
* Field
*/
lv_obj_t * field = lv_obj_create(container, NULL);
fieldDim = std::min(lv_obj_get_width(container), lv_obj_get_height(container));
lv_obj_set_size(field, fieldDim, fieldDim);
1v_obj_align(field, NULL, LV_ALIGN_IN_RIGHT_MID, 0, 0);

VEL

* Field Style

*/
lv_style_copy(&fStyle, &cStyle);
fStyle.body.main_color = LV_COLOR_WHITE;
fStyle.body.grad_color = LV_COLOR_WHITE;
lv_obj_set_style(field, &fStyle);

/%%
* Tile Styles
*/
lv_style_copy(&grey, &lv_style_plain);
grey.body.main_color = LV_COLOR_HEX(0x828F8F) ;
grey.body.grad_color = LV_COLOR_HEX(0x828F8F) ;
grey.body.border.width = 1;
grey.body.radius = O;
grey.body.border.color

LV_COLOR_WHITE;

lv_style_copy(&red, &grey);
red.body.main_color = LV_COLOR_HEX(0xD42630);
red.body.grad_color = LV_COLOR_HEX(0xD42630) ;
lv_style_copy(&blue, &grey);
blue.body.main_color = LV_COLOR_HEX(0x0077C9);
blue.body.grad_color = LV_COLOR_HEX(0x0077C9);

Jk*
* Tile Layout
*/
std: :vector<std::vector<lv_style_t *>> tileData = {
{&grey, &red, &grey, &grey, &blue, &grey}, {&red, &grey, &grey, &grey, &grey,
— &bluel},
{&grey, &grey, &grey, &grey, &grey, &grey}, {&grey, &grey, &grey, &grey, &grey,
— &grey},
{&grey, &grey, &grey, &grey, &grey, &grey}, {&grey, &grey, &grey, &grey, &grey,
—  &grey}};

double tileDim = fieldDim / tileData.size(); // tile dimention

VEL

* Create tile matriz, register callbacks, assign each tile an ID
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201

202

203

204

205

206

207

*/
for (size_t y = 0; y < 6; y++)
{
for (size_t x = 0; x < 6; x++)
{
lv_obj_t * tileObj = lv_btn_create(field, NULL);
lv_obj_set_pos(tileObj, x * tileDim, y * tileDim);
lv_obj_set_size(tileObj, tileDim, tileDim);
lv_btn_set_action(tileObj, LV_BTN_ACTION_CLICK, tileAction);
lv_obj_set_free_num(tileObj, y * 6 + x);
lv_obj_set_free_ptr(tileObj, this);
lv_btn_set_toggle(tileObj, false);
1lv_btn_set_style(tileObj, LV_BTN_STYLE_PR, tileDataly][x]);
lv_btn_set_style(tileObj, LV_BTN_STYLE_REL, tileDataly][x]);

}

k%
* Robot point using lvgl led
*/
led = 1lv_led_create(field, NULL);
lv_led_on(led);
lv_obj_set_size(led, fieldDim / 15 % 2.5, fieldDim / 15 * 2.5);

lv_style_copy(&ledStyle, &lv_style_plain);
ledStyle.body.radius = LV_RADIUS_CIRCLE;
ledStyle.body.main_color = LV_COLOR_MAKE(O, 255, 0);
ledStyle.body.grad_color LV_COLOR_MAKE(O, 255, 0);
ledStyle.body.border.color = LV_COLOR_WHITE;
ledStyle.body.border.width = 2;
ledStyle.body.border.opa = LV_0OPA_100;

lv_obj_set_style(led, &ledStyle);

k¥
* Robot line
*/
line = lv_line_create(field, NULL);
lv_line_set_points(line, linePoints.data(), linePoints.size());
lv_obj_set_pos(line, 0, 0);

lineWidth = 3;
linelength = fieldDim / 4;

lv_style_copy(&lineStyle, &lv_style_plain);
lineStyle.line.width = 6;

lineStyle.line.opa = LV_0OPA_100;
lineStyle.line.color = LV_COLOR_MAKE(O, 255, 0);
lv_obj_set_style(line, &lineStyle);

/**

* Status Label

*/
statusLabel = lv_label_create(container, NULL);
lv_style_copy(&textStyle, &lv_style_plain);
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209

210

textStyle.text.color = LV_COLO
textStyle.text.opa = LV_0OPA_10
lv_obj_set_style(statusLabel, &textStyle);

1lv_label_set_text(statusLabel, "No Odom Data Provided");
lv_obj_align(statusLabel, container, LV_ALIGN_CENTER,
-1lv_obj_get_width(container) / 2 + (lv_obj_get_width(container) -

VEL

—

0);

* Reset Button

*/
{

lv_obj_t * btn = lv_btn_create(container, NULL);

fieldDim) / 2

R_WHITE;
0;

>

lv_obj_set_size(btn, 100, 40);
lv_obj_align(
btn, NULL, LV_ALIGN_IN_TOP_MID,

-1lv_obj_get_width(container) / 2 + (lv_obj_get_width(container)
/ 2, 0);

—

lv_obj_set_free_ptr(btn, this);

1lv_btn_set_action(btn, LV_BTN_ACTION_PR, resetAction);

/% x

* Button Style

*/

lv_style_copy(&resetRel, &lv_style_btn_tgl_rel);
.body.
.body.
.body.
.body.
.body.
.body.
.text.

resetRel
resetRel
resetRel
resetRel
resetRel
resetRel
resetRel

main_color =
grad_color =
border.color
border.width
border.opa =
radius = 2;

color = LV_C

lv_style_copy(&resetPr, &r

resetPr.body.main_color

resetPr.body.grad_color =
resetPr.text.color = mainC

lv_btn_set_style(btn, LV_BTN_STYLE_REL, &resetRel);
lv_btn_set_style(btn, LV_BTN_STYLE_PR, &resetPr);

VELS

* Reset Button Label

*/

lv_obj_t * label = lv_labe
lv_obj_set_style(label, &textStyle);
lv_label_set_text(label, "Reset");

}

printf("Made an OdomDebug\n") ;

3

mainColor;
mainColor;

= LV_COLOR_WHITE;
= 2;

LV_0OPA_100;

OLOR_WHITE;

esetRel);
LV_COLOR_WHITE;
LV_COLOR_WHITE;
olor;

1l_create(btn, NULL);

OdomDebug: : “0domDebug() { lv_obj_del(container); }
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VL]

* Sets the function to be called when a tile is pressed

* @param callback a function that sets the odometry state

*/
void OdomDebug: :setStateCallback(std: :function<void(state_t state)> callback)
{

stateFnc = callback;

b

VLS

* Sets the function to be called when the reset button is pressed

* @param callback a function that resets the odomeiry and sensors

*/
void OdomDebug: :setResetCallback(std: :function<void()> callback) { resetFnc = callback;
- }

/**
* Sets the position of the robot in QUnits and puts the sensor data on the
* display
* @param state robot state - =, vy, theta
* Oparam sensors encoder tinformation - left, right, middle (optional)
*/
void OdomDebug: :setData(state_t state, sensors_t sensors)

{

// postition in court units

double c_x = state.x.convert(court);

double c_y = state.y.convert(court);

double c_theta = state.theta.convert(radian);

// place point on field
lv_obj_set_pos(led, (c_x * fieldDim) - lv_obj_get_width(led) / 2,
(c_y * fieldDim) - lv_obj_get_height(led) / 2 - 1);

// move start and end of line

linePoints[0] = {(int16_t) ((c_x * fieldDim)), (int16_t)((c_y * fieldDim) -
< (lineWidth / 2))};

double newY = lineLength * sin(c_theta);

double newX = lineLength * cos(c_theta);

linePoints[1] = {(int16_t) (newX + linePoints[0].x), (intl16_t) (newY +

— linePoints[0].y)};

lv_line_set_points(line, linePoints.data(), linePoints.size());
lv_obj_invalidate(line);

std::string text =
"X: " + std::to_string(std::round(state.x.convert(inch) * 1000) /
— 1000) .substr(0, 5) +
" in\n" +
"Y: " + std::to_string(std::round(state.y.convert(inch) * 1000) /
— 1000) .substr(0, 5) +

" in\n" + "Theta: " +
std: :to_string(std: :round(state.theta.convert(degree) * 1000) / 1000).substr (0,
-~ b5) +
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" deg\n" + "Left: " + std::to_string(sensors.left).substr(0, 4) + " deg\n" +
"Right: " + std::to_string(sensors.right).substr(0, 4) + " deg\n";

if (sensors.hasMiddle)

{

text = text + "Middle: " + std::to_string(sensors.middle).substr(0, 4) + " deg";

}

1v_label_set_text(statusLabel, text.c_str());
lv_obj_align(statusLabel, container, LV_ALIGN_CENTER,
-1lv_obj_get_width(container) / 2 + (lv_obj_get_width(container) -

— fieldDim) / 2,
25);
}

J*x
* Sets odom state when tile is pressed
* Decodes tile ID to find position
*/

lv_res_t OdomDebug::tileAction(lv_obj_t * tileObj)

OdomDebug * that = static_cast<0domDebug *>(1lv_obj_get_free_ptr(tileObj));

that->stateFnc({x * tile + 0.5_tl, y * tile + 0.5_tl, O_degl});

std::cout << "OdomDebug: No tile action callback provided";

OdomDebug * that = static_cast<OdomDebug *>(1lv_obj_get_free_ptr(btn));

std::cout << "OdomDebug: No reset action callback provided";

{
int num = 1lv_obj_get_free_num(tileObj) ;
int y = num / 6;
int x = num - y * 6;
if (that->stateFnc)
else
return LV_RES_OK;
}
VLT
* Reset Sensors and Posttion
*/
lv_res_t OdomDebug: :resetAction(lv_obj_t * btn)
{
if (that->resetFnc)
that->resetFnc();
else
return LV_RES_OK;
}
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2.6 src/movement/Drivetrain.cpp

Jk*

Drivetrain. cpp

Thts file contains the definitions of the Drivetrain class.
The Drivetrain class handles almost everthing relating to the
drivetrain: motor control, settings (like maxz speed), bastic
movement methods (like tank or arcade), more advanced movement
methods (like PID to point, path following, and motion
profiling), and more.

*/

*
*
*
*
*
*
*
*

#include "main.h" // gives access to Drivetrain and other dependancies

e Motor References ————————————————-———— */
Motor & Drivetrain::mmtrLeftFront = def::mtr_dt_left_front;

Motor & Drivetrain::mmtrRightFront = def::mtr_dt_right_front;
Motor & Drivetrain::mmtrRightBack = def::mtr_dt_right_back;

Motor & Drivetrain::mmtrLeftBack = def::mtr_dt_left_back;

S mm Okapi Chasstis ——————————=———=——=——=———~— */
std: :shared_ptr<ChassisController> Drivetrain: :mchassis =
ChassisControllerBuilder ()

.withMotors({Drivetrain: :mmtrLeftFront, Drivetrain: :mmtrLeftBack},
{Drivetrain: :mmtrRightFront, Drivetrain::mmtrRightBack})

.withDimensions (AbstractMotor: :gearset: :green,

{{def: :DRIVE_WHEEL_DIAMETER, def::DRIVE_OFFSET}, imev5GreenTPR})
.build(); // chassis object for using Pathfilder through okapt

K e */
/* Protected Information */
/K */
SF mm Initial Settings ———————————————————- */

double Drivetrain::mmaxSpeed = def::SET_DT_MAX;
bool Drivetrain::menabled = true;

[¥ e Simple Follow Data ——————————————————~- */

double Drivetrain::mlastLookIndex = 0; // index of the last lookahead point

double Drivetrain::mlastPartiallndex =

0; // fractional index of where the last lookahead point was on the segment

[* mmmmm Odometry Accessors ——-———-—————————————- */
OdomState Drivetrain::getState() // get position as OdomState
{

return CustomOdometry: :getState();
}
QLength Drivetrain::getXPos() { return CustomOdometry::getX(); }
QLength Drivetrain::getYPos() { return CustomOdometry::getY(); }

QAngle Drivetrain: :getTheta() { return CustomOdometry::getTheta(); }
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ExtendedPoint Drivetrain::getPoint() // get position as EztendedPoint

{

3

/%

std:

return ExtendedPoint(getXPos(), getYPos(), getTheta());

————————————————————————— Helpers ————————————————————————— %/

QAngle Drivetrain: :angleToPoint(

const Point & itargetPoint) // calculates the field centric direction to the
— 4targetPoint from

// the robot's current position

return (atan((getYPos().convert(inch) - itargetPoint.y.convert(inch)) /
(getXPos() .convert(inch) - itargetPoint.x.convert(inch))) +
(getXPos() > itargetPoint.x 7 M_PI : 0)) *

radian;

:optional<double> Drivetrain::findIntersection(

ExtendedPoint istart, ExtendedPoint iend,
const double & ilookDistIn) // looks for interections between the line segment
— created by the

ExtendedPoint d

ExtendedPoint

f

— the segment

double a
double b
double c

// two points (istart and iend), and the circle around
— the robot
// with radius ilookDistIn (lookahead circle)

iend - istart; // differece vector
istart - getPoint(); // robot position relative to the start of

d.dot(d) .convert(inch); // set up quadratic
2 % f.dot(d).convert(inch);
f.dot(f).convert(inch) - ilookDistIn * ilookDistIn;

double discriminant = b * b - 4 * a * c; // used to make sure it doesn't sqrt(a
— negative number)
if (discriminant >= 0)

= sqrt(discriminant) ;

(-b - discriminant) / (2 * a); // solution 1
(-b + discriminant) / (2 * a); // solution 2

&& t2 <= 1) // t2 is always farther along the segment, so return t2

else if (t1 >= 0 && t1 <= 1) // then t1

{
discriminant
double t1 =
double t2 =
if (12 >=0
— first
{
return t2;
}
{
return ti1;
}
}

return {}; // no intersections
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ExtendedPoint Drivetrain::findLookahead(
SimplePath ipath, const double & ilookDistIn) // looks for the intersection point
— between the
// lookahead circle and the
— SimplePath, <ipath

ExtendedPoint currentPos = getPoint();
int lastIntersectIndex = 0;

if (currentPos.dist(ipath.last()).convert(inch) <=
ilookDistIn) // if the last point is within range, return
{
return ipath.last();

3

for (int i = mlastLookIndex; i < ipath.size() - 1;
i++) // searchs through the whole path starting at the index of the previous
— lookhead point

std: :optional<double> t_partialIlndex = findIntersection(
ipath.at(i), ipath.at(i + 1),
ilookDistIn); // finds the partial index of the intersection in the range
-~ [0, 1
if (t_partialIndex.has_value() &&
(i > mlastLookIndex ||
t_partiallndex > mlastPartialIndex)) // if there is an intersection
— farther along the
// path than the last point

mlastLookIndex = 1i;
mlastPartialIlndex = t_partialIndex.value();

if (lastIntersectIndex > 0) // if this ts the second intersection, the loop
-~ can exit
{

break;

}

lastIntersectIndex = i; // <f this is the first intersection found, record
- 1t

3

if (lastIntersectIndex > 0 &&
ipath.at(i) .dist(ipath.at(lastIntersectIndex)).convert(inch) >=
ilookDistIn *

2) // if it is searching for intersections farther than the

— diameter of a
// lookahead circle, and tt has alread found a point, exit the
— loop. It s
// impossible for there to be a second lookahead point more than
o 2 ¥
// (lookhead distance) away from the first lookahead point

break;
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ExtendedPoint segmentStart = ipath.at(mlastLookIndex);

def::display.setMiscDatal(
1, "start: " + segmentStart.string() +

std: :shared_ptr<AsyncMotionProfileController> Drivetrain: :mprofiler
AsyncMotionProfileControllerBuilder ()

Sk

"\nvec: " + (ipath.at(mlastLookIndex + 1) - segmentStart).string() +
"\npartlIndx: " + std::to_string(mlastPartialIndex) + "\nscaled: " +
((ipath.at(mlastLookIndex + 1) - segmentStart) *

—

(ipath.at(mlastLookIndex + 1) - segmentStart) *
mlastPartialIndex; // calculates the location of the lookahead point by

>

mlastPartiallndex) .string());
return segmentStart +

getting the

// vector from the start of the segment to the end of

— the segment,

// multiplying that by the fractional index of the

— lookahead

// point, and adding that the the starting point of

— the segment

.withLimits({def: :DRIVE_MAX_SPEED.convert (mps),
— def::DRIVE_MAX_ACCEL.convert (mps2), 8.0})

.withOutput (Drivetrain: :mchassis)
.buildMotionProfileController(); // okapi motion profile controller with

— measured constants

Getters/Setters

double Drivetrain::getMaxSpeed() { return mmaxSpeed; }

void Drivetrain::setMaxSpeed(double imaxSpeed) { mmaxSpeed = imaxSpeed; }

bool Drivetrain::isEnabled() { return menabled; }

void Drivetrain::enable() // allows movements to be startable

{

menabled = true;

}

void Drivetrain::disable() // stops active movemnts

{

menabled = false;

moveTank(0, 0, false);

}

void Drivetrain::checkNextAsync(
const double & ierror,

std: :vector<AsyncAction> & iactions) // checks if the next AsyncAction should

—

execute,

and

// ezecutes it (and removes it from the list)

—
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238
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240

if (iactions.size()) // if there is at least one action to ezecute

{
const AsyncAction & nextAction = iactions.at(0);
if (ierror < nextAction.merror) // if the robot is close enough to the target
{
nextAction.maction(); // exzecute the action
iactions.erase(iactions.begin()); // remove the action, having already
— ezecuted 1t
}
}
}
S mm Basic Movement ————————————————————= /

These "basic" motions are lower level fuctions mostly just intended
to prevent the call to each motor individually in more advanced

motions, to keep the code cleaner.

"Saturation” is when the motor inputs are higher than their maz
speed, which makes the motor go at maxz speed. This can cause problems,

specific motion, because one motor might be going at exactly the
intended speed, but another motor might be saturated, so it doesn't
go at the right speed, making the robot follow the wrong motion.

To account for this, the basic movment methods have a wvariable,
i1desaturate, that, when true, scales all motor values down so they

*
*
*
*
*
*
* however, when the motors are all working together to follow a
*
*
*
*
*
*

fit within the motors capabilities.
*/

void Drivetrain: :moveIndependant (

double ileftFront, double irightFront, double irightBack, double ileftBack,
const bool idesaturate) // moves each motor {lf, rf, rb, lb} in range [-1,1]

util::scaleToFit<4>(mmaxSpeed, {ileftFront, irightFront, irightBack,

{
if (idesaturate) // desaturates values
{
std: :array<double, 4> motor_values =
< ileftBack});
ileftFront = motor_values[0];
irightFront = motor_values[1];
irightBack = motor_values[2];
ileftBack = motor_values[3];
}
// moves all of the motors by wvoltage
mmtrLeftFront.moveVoltage (12000 * ileftFront);
mmtrRightFront.moveVoltage (12000 * irightFront);
mmtrRightBack.moveVoltage (12000 * irightBack) ;
mmtrLeftBack.moveVoltage (12000 * ileftBack);
}

void Drivetrain::moveTank(double ileft, double iright,

const bool idesaturate) // spins the left side and right side

— motors at

if (idesaturate) // desaturates walues
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285

std::array<double, 2> motor_values = util::scaleToFit<2>(mmaxSpeed, {ileft,
— iright});
ileft = motor_values[0];
iright = motor_values[1];
}
Drivetrain: :moveIndependant (
ileft, iright, iright, ileft,
false); // don't try to desaturate, because the values have already been
— desaturated
}
void Drivetrain: :moveArcade(
double iforward, double istrafe, double iturn,
const bool idesaturate) // moves the robot with arcade-style inputs in range [-1,1]

{
if (idesaturate) // desaturates wvalues
{
std: :array<double, 4> motor_values = {
iforward + istrafe + iturn, iforward - istrafe - iturn, iforward + istrafe
— — iturnm,
iforward - istrafe + iturn};
util::scaleToFit<4>(mmaxSpeed, motor_values); // modifies reference to
— motor_values
Drivetrain: :moveIndependant (motor_values[0], motor_values[1], motor_values[2],
motor_values([3]); // moves the motors from within
— the if to
// prevent the need to copy values
}
else
{
Drivetrain: :moveIndependant (iforward + istrafe + iturn, iforward - istrafe -
— iturn,
iforward + istrafe - iturn, iforward - istrafe +
— iturn,
false); // don't desaturate
}
}
R Intermediate Movement —————————————————- */

void Drivetrain::moveInDirection(
QAngle idirection, const bool ifieldCentric, double imagnitude, double itheta,
const bool idesaturate) // moves the robot with a certain speed in a certain
< direction, while
// turning a certain amount

if (ifieldCentric) // if the direction is in reference to the field
{
idirection -= Drivetrain::getTheta(); // changes the direction the robot should
— go 1in based
// on its field centric rotation
¥
idirection = util::wrapQAngle(idirection); // fits <direction into [0, 360)
util::chop<double>(0, 1, imagnitude); // caps magnitude
util::chop<double>(-1, 1, itheta); // caps itheta
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Drivetrain: :moveArcade(
imagnitude * cos(idirection.convert(radian)), imagnitude *
— sin(idirection.convert(radian)),

* %X X ¥ x x x x

*/

itheta, idesaturate); // move in the direction of the wector, and turn the

— specified amount

void Drivetrain: :strafeToPoint(

ExtendedPoint itarget, std::vector<AsyncAction> iactions, PID imagnitudePID, PID

—

iturnPID,

Slew imagnitudeSlew,

Slew iturnSlew) // drives in a stright line to the point while turning using set

—

PID/Slew gains,

Move to Point Methods
Because these methods have a target,
to constantly re-evaluate how fast the robot should be going. To

do this, there are PID and Slew calculations being done for driving
straight and turning in each of the methods. This is easy to do
because of the PID and Slew classes.

they need to be run in a loop

Each method has custom tuned default PID/Slew wvalues, but they
can be modified on a per-motion basis when they are called.

// and ezecuting the AsyncActions at the right times

enable(); // make sure the action can Tun

while (menabled && (!imagnitudePID.isSettled() ||

{

double inToPoint =

liturnPID.isSettled()))

OdomMath: : computeDistanceToPoint (itarget, Drivetrain::getState())

.convert(inch); // calc inches to target point. itarget can be passed as
// okapi::Point, because ExtendedPoint inherits from
okapt::Point

—

double degToPoint = util::wrapDegl80(

(itarget.theta - Drivetrain::getTheta())
.convert(degree)); // calc the angle to the point in the range [-180,

— 180) to always

// turn the right direction
def::display.setMiscData(l, std::to_string(degToPoint));

Drivetrain: :moveInDirection(Drivetrain: :angleToPoint (itarget), true,

Drivetrain: :checkNextAsync(
inToPoint,

iactions); // executes the next action <f availible, and removes it from

— the list

pros: :delay(20);

imagnitudeSlew.iterate(imagnitudePID.iterate(inToPo

—

iturnSlew.iterate(iturnPID.iterate(degToPoint)),

—

int)),

true);
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void Drivetrain: :straightToPoint(
ExtendedPoint itarget, std::vector<AsyncAction> iactions, QLength inoTurnRange,
double iturnWeight, PID imagnitudePID, PID iturnPID, Slew imagnitudeSlew,
Slew iturnSlew) // drives to the point without strafing using set PID/Slew gains,

and exzecuting
// the AsyncActions at the right times

const double noTurnRangeIn = inoTurnRange.convert(inch);

enable(); // make sure the action can Tun
while (menabled && !imagnitudePID.isSettled())

QAngle angleToPoint = util::wrapQAnglel180(
Drivetrain: :angleToPoint (itarget) -
Drivetrain::getTheta()); // how much the robot needs to turn to face the
-~ point
double inToPoint = OdomMath: :computeDistanceToPoint (itarget,
— Drivetrain: :getState())
.convert(inch); // how far the robot is away from the
— target
double inForward =
inToPoint =*
cos(angleToPoint.convert(radian)); // how far the robot needs to drive
< straight (no
// turning) to get as close to the
— target as possible

double forward = imagnitudeSlew.iterate(
imagnitudePID.iterate(inForward)); // calculates walue from PID fed into
— Slew
util::chop<double>(-mmaxSpeed, mmaxSpeed,
forward); // limits the wvalues in [-mmaxSpeed, mmazSpeed]

double turn;
if (inToPoint > noTurnRangeIn) // if the robot is far enough away from the
— target

{
turn = iturnSlew.iterate(iturnPID.iterate(
angleToPoint.convert(degree))); // calculates value from PID fed into
-~ Slew
util::chop<double>(-mmaxSpeed, mmaxSpeed, turn);
}
else
{
turn = 0; // don't turn when too close to the target
}

if (abs(turn) == mmaxSpeed) // if the robot is turning at maz speed (which
— means 1t must be

// far off target)
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turn *= iturnWeight; // increase the amount to turn, so that it turns
— faster as a result
// of forward getting scaled down in moveArcade

}

Drivetrain: :checkNextAsync(
inToPoint,
iactions); // executes the next action if availible, and removes it from
— the list

Drivetrain: :moveArcade(forward, O, turn, true);
pros: :delay(20);
}

void Drivetrain::arcStraightToPoint(
ExtendedPoint itarget, std::vector<AsyncAction> iactions, double iweightModifier,
QLength inoTurnRange, PID imagnitudePID, PID iturnPID, Slew imagnitudeSlew,
Slew iturnSlew) // drive in an "arc" (doesn't follow a path, just approzimates an
< arc) using set
// PID/Slew gains, and exzecuting the AsyncActions at the right times

const double noTurnRangeIn = inoTurnRange.convert(inch);

enable(); // make sure the action can Tun
while (menabled && 'imagnitudePID.isSettled())
{
double theta = util::wrapRad(
2 * (Drivetrain::getTheta().convert(radian) -
abs (atan2(
(Drivetrain::getYPos() - itarget.y).convert(inch),
(Drivetrain::getXPos() - itarget.x)
.convert(inch))))); // calculates how much the robot should
— end up turning
double radius = abs(
hypot ((getXPos() - itarget.x).convert(inch), (getYPos() -
< itarget.y).convert(inch)) /
2 / sin(theta / 2)); // calculates the radius of the arc
double targetIn = theta * radius; // how far the robot needs to go (arc length)
double turnWeight =
iweightModifier /
radius; // how aggressively the robot needs to turn to approximate the arc

QAngle angleToPoint =
Drivetrain::angleToPoint (itarget) - Drivetrain::getTheta(); // direction of
— target
double inToPoint = OdomMath: :computeDistanceToPoint(itarget, getState())
.convert(inch); // distance of target

double inForward =
inToPoint =*
cos((angleToPoint)
.convert(radian)); // distance to perpendicular line intersecting
— target
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/%
*

—

*

—

*

—

double forward = imagnitudeSlew.iterate(
imagnitudePID.iterate(inForward)); // calculates value from PID fed into
-~ Slew
util::chop<double>(-mmaxSpeed, mmaxSpeed,
forward); // limits the wvalues in [-mmazSpeed, mmazSpeed]

double turn;
if (inToPoint > noTurnRangeln) // +f the robot is far enough away from the
— target

{
turn = iturnSlew.iterate(iturnPID.iterate(
angleToPoint.convert(degree))); // calculates value from PID fed into
-~ Slew
util::chop<double>(-mmaxSpeed, mmaxSpeed, turn);
}
else
{
turn = 0; // don't turn when too close to the target
3

if (abs(turn) == mmaxSpeed) // if the robot is turning at maz speed (which
— means 1t must be

// far off target)

turn *= turnWeight; // increase the amount to turn, so that it turns faster
- as a result
// of forward getting scaled down in moveArcade

3

Drivetrain: :checkNextAsync(
inToPoint,
iactions); // executes the next action tf availible, and removes it from
— the ltst

Drivetrain: :moveArcade(forward, O, turn, true);

pros: :delay(20);

—————————————————— Path Following Methods -—--—--——-———-—-= /

simpleFollow uses the concept from "Pure Pursuit" of using a "lookahead circle"” to
follow a path.

The tdea is that, when given a line, the robot will figure out how to follow 7t
smoothly. It does

thts by checking for points on the line that are a certain distance away from the
robot, and

* moving tn the direction of whichever point i1t sees that ts farthest on the line.

—

Another way to

* picture this, is the robot has a circle (the lookahead circle) around it with the

—

*

—

radius being
the "lookahead distance". The robot is always trying to drive to intersections
between this
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* citrcle, and the path (a.k.a. the lookahead point).
*
* The robot goes at full speed to the lookahead point until i1t gets to the end, where
— 1t settles
* with PID.
*/
void Drivetrain::simpleFollow(
SimplePath ipath, QLength ilookDist, std::vector<AsyncAction> iactions, PID
— imagnitudePID,
PID iturnPID, Slew imagnitudeSlew,
Slew iturnSlew) // follows the path, ipath using set lookahead distance (ilookDist)
< and PID/Slew
// gains while executing the AsyncActions at the right times (only
— on the last
// segment)

double lookDistIn = ilookDist.convert(inch);
ExtendedPoint lookPoint = ipath.at(0);

double magnitude = 1; // the robot will always go full speed until the end is near
bool reachedEnd = false;

mlastLookIndex = O;
mlastPartialIndex = 0;

enable(); // make sure the action can Tun

while (menabled && (!imagnitudePID.isSettled() || !iturnPID.isSettled()) ||
— lreachedEnd)
{
if ('reachedEnd &&
mlastLookIndex ==
ipath.size() - 2) // detects if the robot should be going to the last
— point
{
reachedEnd = true;
lookPoint = ipath.last();
}
if (!reachedEnd)
{
lookPoint = findLookahead(ipath, lookDistIn); // find the next lookahead
}
else
{

double inToPoint =
OdomMath: : computeDistanceToPoint (lookPoint, Drivetrain::getState())
.convert(
inch); // calc inches to target point. itarget can be passed as
// okapi::Point, because ExtendedPoint inherits from
— okapi::Point

Drivetrain: :checkNextAsync(
inToPoint,
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iactions); // executes the next action <f availible, and removes tt
— from the list

magnitude = imagnitudePID.iterate(inToPoint); // how fast the robot should
— be moving

double degToPoint = util::wrapDegl80(
(lookPoint.theta - Drivetrain::getTheta())
.convert(degree)); // calc the angle to the point in the range [-180,
— 180) to always
// turn the right direction

moveInDirection(Drivetrain: :angleToPoint (lookPoint), true,
imagnitudeSlew.iterate (magnitude),
iturnSlew.iterate(iturnPID.iterate(degToPoint)), true);

pros: :delay(20);

/¥ mmmm Motton Profiling ———-—————————————-—-- */
void Drivetrain::generatePathToPoint(
PathfinderPoint ipoint,
const std::string & iname) // use Pathfinder through okapi to make a motion profile

{

ipoint.y = -ipoint.y;

ipoint.theta = -ipoint.theta;

mprofiler->generatePath({{0O_ft, O_ft, O_deg}, ipoint}, iname);
}

void Drivetrain::followPathfinder(const std::string & iname, bool ibackwards,
bool imirrored) // follow Pathfinder path through
— okap1
{
mprofiler—>setTarget(iname, ibackwards, imirrored);
}
void Drivetrain::followTraj(Trajectory & itraj) // follow trajectory loaded from sd card
{
const double startlLeft = mmtrLeftFront.getPosition();
const double startRight = mmtrRightFront.getPosition();

if (itraj.isDone()) // ¢f the path is done before exzecution, reset
{
itraj.reset();
¥
while (!itraj.isDone()) // execute until the path is done
{
std: :pair<double, double> values = itraj.iterate(
(mmtrLeftFront.getPosition() - startLeft) x*
— def::DRIVE_WHEEL_CIRCUMFERENCE_IN / 360,
(mmtrRightFront.getPosition() - startRight) x
— def::DRIVE_WHEEL_CIRCUMFERENCE_IN /
360); // iterate through the profile passing the distance each side has
— gome so far
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moveTank(values.first, values.second, false);

pros: :delay(10);
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2.7 src/movement/paths/ProfileStep.cpp

J**

* ProfileStep.cpp

*

* ProfileStep is used for organizing the information parsed from motion profiles

— Sstored on the sd

* card, calculated by the publically availible GitHub repository, TrajectoryLid by
— Team25/ (FRC

* Team 25/, The Cheesy Poofs), found here: https://qithub.com/Team254/Trajectorylib.
— The

* trajectories are calculated on a computer, and stored on the sd card for the robot
— to use. Each

* time step of the profile is read from the sd card, and stored in an instance of

— ProfileStep by

* the Trajectory class.

*/

#include "main.h" // gives access to ProfileStep declaration and other dependencies

const std::string ProfileStep::getString() // returns the ProfileStep formatted as a
— std::string
// without changing anything (const)

{
return std::to_string(pos) + " " + std::to_string(vel) + " " + std::to_string(acc)
L
std::to_string(jerk) + " " + std::to_string(heading) + " " +
— std::to_string(dt) + " " +
std::to_string(x) + " " + std::to_string(y);
}
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2.8 src/movement/paths/SimplePath.cpp

Jk*
SimplePath. cpp

on a path represented by ExtendedPoints in a std::wvector.

*
*
* SimplePath is a simple struct that has a list of points
*
* This 1s used for path following by the Drivetrain class.

#include

ExtendedPoint SimplePath::at(size_t iindex) // returns the point at the index

{
return mpoints.at(iindex);
}
ExtendedPoint SimplePath::last() // returns the point at the end
{
return mpoints.back();
}
int SimplePath::size() // returns the length of the path
{
return mpoints.size();
}

*/

"main.h" // gives access to SimplePath and other dependencies
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2.9 src/movement/paths/Trajectory.cpp

J**
* Trajectory.cpp

*
* This file contains the definitions of the Trajectory class. The Trajectory class

— reads and stores

* motion profile information from the sd card. Motion profiles stored on the sd card
— are calculated

* by the publically availible GitHub repository, TrajectoryLib by Team25/ (FRC Team
— 254, The Cheesy

* Poofs), found here: https://github.com/Team254/TrajectoryLib. The trajectories are
— calculated on

* a computer, and stored on the sd card for the robot to use. Each time step of the
— profile 1s read

* from the sd card, and stored in an instance of ProfileStep by the Trajectory class.
*
*
*

The paths are intended to be executed by the Drivetrain class, but are not used in

programming
skills.
*/
#include "main.h" // gives access to Trajectory and other dependencties
K m */
/* Public Information */
/K */

Trajectory: :Trajectory(const char * ifileName, double ikP, double ikD, double ikV,
— double ikA)
: mkP(ikP), mkD(ikD), mkV(ikV), mkA(ikA), mstepNumber(0), mlastErrorL(0.0),
mlastErrorR(0.0) // constructor that specifies the file with the trajectory, and
— the gains for
// following the trajectory

FILE * file; // creates a file object to be used later
if (pros::usd::is_installed()) // checks if the sd card is installed before trying
— to access 1t
{
file = fopen(ifileName, "r"); // open the file
if (file) // makes sure the file was opened correctly
{
char name[256];
fgets(name, 255, file); // put the name of the trajectory in a char array
mname = name;
mname = mname.substr(0, mname.length() - 1); // chop off \n

fscanf(file, "%i", &mlength); // store the number of steps

mleftSteps = new ProfileStep[mlengthl; // dynamically allocate left and
— right profiles

// based on the length of the

— trajectory
mrightSteps = new ProfileStep[mlength];

for (int i = 0; i < mlength; i++) // fill left profile array from sd card
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}

Trajectory:: Trajectory() // destructor to clean up heap wvartables

{

}

int Trajectory::getLength() { return mlength; }
std: :string Trajectory::getName() { return mname; }

3

else // ©f the sd card is not installed, create empty arrays and send a message to

—

{

}

float pos, vel, acc, jerk, heading, dt, x, y;
fscanf(file, "Uf %f %f %f %f %f %f J%f", &pos, &vel, &acc, &jerk,

— &heading, &dt, &x,

mleftSteps[i] = {pos, vel, acc, jerk, heading, dt, x, y};

for (int i = 0; i < mlength; i++) // fill right profile array from sd card

fscanf (file, "%f %f %f %f f %f %f %f", &pos, &vel, &acc, &jerk,

mrightSteps[i] = {pos, vel, acc, jerk, heading, dt, x, y};

<< std::endl; // output to the terminal <f the file is null

&y);
¥
{
float pos, vel, acc, jerk, heading, dt, x, y;
— &heading, &dt, &x,
&y) ;
¥
}
else
{
std::cout << "\"" << jifileName << "\" file is null"
}

fclose(file);

the terminal

mleftSteps = new ProfileStep[1];
mrightSteps = new ProfileStep[i];

std::cout << "no sd card inserted" << std::endl;

delete[] mleftSteps;
delete[] mrightSteps;

void Trajectory::reset() { mstepNumber = 0; }
std: :pair<ProfileStep, ProfileStep>

Trajectory: :getStep(int istepNumber) // return the left and right ProfileSteps at a

—

{

gtven point

if (istepNumber >

{

3

return std::pair<ProfileStep, ProfileStep>(mleftSteps[istepNumber],

—

sizeof (mleftSteps) / sizeof(ProfileStep *)) // if the stepnumber is out of range

std::cout << "index out of bounds" << std::endl;

mrightSteps [istepNumber]) ;
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void Trajectory::setGains(const double ikP, const double ikD, const double ikV, const
— double ikA)

{
mkP = ikP;
mkD = ikD;
mkV = ikV;
mkA = ikA;
}

bool Trajectory::isDone() // checks to see if the trajectory is done
{
return mlength <= mstepNumber;

}

std: :pair<double, double>
Trajectory: :iterate(double ileftDistSoFar,
double irightDistSoFar) // goes through one tteration of the
— FEEDFORWARD loop
// based on how far the left and right
— wheels have gone

if (mstepNumber < mlength)
{
double errorL = mleftSteps[mstepNumber].pos -
ileftDistSoFar; // diference between where the wheels should
— be, and where
// they are for feedback control
double errorR = mrightSteps[mstepNumber].pos - irightDistSoFar;
double errorVellL = ((errorL - mlastErrorL) / mleftSteps[mstepNumber].dt -
mleftSteps [mstepNumber] .vel); // weloctity error
double errorVelR =
((errorR - mlastErrorR) / mrightSteps[mstepNumber].dt -
— mrightSteps [mstepNumber] .vel);

double resultl =
mkP * errorL + mkD * errorVelL + mkV * mleftSteps[mstepNumber].vel +
mkA * mleftSteps[mstepNumber].acc; // Kp*ep(t) + Kd*ev(t) + Kuv*ru(t) +
< Ka*ra(t)
double resultR = mkP * errorR + mkD * errorVelR + mkV *
— mrightSteps[mstepNumber].vel +
mkA * mrightSteps[mstepNumber].acc;

mlastErrorl = errorl; // store error for derivative calculation next time
mlastErrorR errorR;

mstepNumber++;

return {resultlL, resultR}; // return the necessary motor movements
}

else

{

return {0, 0}; // return O power for both motors, because the path has finished

— executing
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2.10 src/stateMachines/BallControlStateMachine.cpp

Jk*

* BallControlStateMachine.cpp

*

* This file contains the definitions of the BallControlStateMachine class.

* BallControlStateMachine inherits from VStateMachine, and

* 11 1S responsible for controlling all of the ball manipulators

* (intake, indezer, filter, and flywheel).

*

* The intake, indexzer, and flywheel all have their own mini

* state machine in structs all contained in

* BallControlStateMachine. BallControlStateMachine puts them

* all together to make them function cohesively

*/

#include "main.h" // gives access to BallControlStateMachine and other dependencties
K e */
/* Public Information */
R mmtatet */

BallControlStateMachine: :BallControlStateMachine()

{

controlEnabled(true), mbtnIn(def: :btn_bc_in), mbtnOut(def::btn_bc_out),
mbtnShoot (def: :btn_bc_shoot), mbtnFilter(def: :btn_bc_down)

} // constructor to set defaults

void BallControlStateMachine: :controlState() // sets the mini states based on inputs

—

{

from the
// controller

if (mbtnOut.changedToPressed()) // when the out button is pressed
{
// spin out
mintake.mstate = IT_STATES: :out;
mindexer.mstate = IX_STATES: :out;
3
else if (mbtnOut.changedToReleased()) // when the out button is released
{
if (mbtnIn.isPressed()) // if the in button is also being pressed

{
// spin in
mintake.mstate = IT_STATES: :in;
mindexer.mstate = IX_STATES::in;
}
else
{
// stop spinning
mintake.mstate = IT_STATES: :off;
mindexer.mstate = IX_STATES: :off;
}

3

if (mbtnIn.changedToPressed()) // if the in button is pressed
{
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}

void BallControlStateMachine: :update() // controls the robot based on the state by

—

// spin in
mintake.mstate = IT_STATES: :in;
mindexer.mstate = IX_STATES::in;
}
else if (mbtnIn.changedToReleased()) // if the in button is released
{
if (mbtnOut.isPressed()) // is the out button is also being pressed
{
// spin out
mintake.mstate = IT_STATES: :out;
mindexer.mstate = IX_STATES: :out;

}
else
{
// stop
mintake.mstate = IT_STATES: :off;
mindexer.mstate = IX_STATES: :off;
}

3

if (mbtnFilter.changedToPressed()) // if the filter button is pressed

' mflywheel .mstate = FW_STATES::filter; // spin the filter

if (mbtnFilter.changedToReleased()) // is the filter button is released

' if (mbtnShoot.isPressed()) // if the shoot button is also being pressed
{

mflywheel.mstate = FW_STATES: :shoot; // shoot
}

else

{

mflywheel .mstate = FW_STATES::off; // stop spinning
X

3

if (mbtnShoot.changedToPressed()) // if the shoot button is pressed
{
mflywheel.mstate = FW_STATES::shoot; // shoot

¥
else if (mbtnShoot.changedToReleased()) // if the shoot button is released
{

if (mbtnFilter.isPressed()) // if the filter button is also being pressed

{
mflywheel .mstate = FW_STATES::filter; // spin the filter
X
else
{
mflywheel .mstate = FW_STATES::off; // stop shooting
¥

3

updating each

7



// mint state machine independantly

{
mintake.update();
mindexer.update();
mflywheel.update();
}
void BallControlStateMachine::itIn() // spins the intakes in
{
mintake.mstate = IT_STATES: :in;
}

void BallControlStateMachine::itOut() // spins the intakes out

{
mintake.mstate = IT_STATES: :out;

}
void BallControlStateMachine::it0ff() // stops the intakes
{
mintake.mstate = IT_STATES: :off;
}
void BallControlStateMachine::ixUp() // spins the indezer up
{
mindexer.mstate = IX_STATES::in;
}

void BallControlStateMachine::ixDown() // spins the indezer down

{
mindexer.mstate = IX_STATES: :out;

¥
void BallControlStateMachine: :ix0ff() // stops the indezer
{
mindexer.mstate = IX_STATES: :off;
¥

void BallControlStateMachine: :fwShoot() // shoots the flywheel
{
mflywheel.mstate = FW_STATES: :shoot;

}
void BallControlStateMachine: :fwFilter() // spins the flywheel backwards

{
mflywheel .mstate = FW_STATES::filter;

}
void BallControlStateMachine: :fwOff() // stops the flywheel
{
mflywheel.mstate = FW_STATES: :off;
}

void BallControlStateMachine: :itInFor(
double imilliseconds) // spins the intakes for specified number of miliseconds

{
mintake.mstate = IT_STATES: :in;
pros::delay(imilliseconds);
mintake.mstate = IT_STATES: :off;
}

void BallControlStateMachine: : ixUpFor (
double imilliseconds) // spins the indezer for specified number of miliseconds

{
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mindexer.mstate = IX_STATES::in;
pros::delay(imilliseconds);
mindexer.mstate = IX_STATES: :off;

}
void BallControlStateMachine: :shoot(int ims) // shoots a ball
{

mflywheel.mstate = FW_STATES: :shoot;

pros: :delay(ims);

mflywheel.mstate = FW_STATES: :off;
¥
K */
/* Private Information */
K *x/
T Nested Classes ———=—————————————————— */

BallControlStateMachine: :MIntake: :MIntake ()
: mstate(IT_STATES::off), mmotors({def::mtr_it_left, def::mtr_it_right})
{
} // constructor to set defaults
void BallControlStateMachine: :MIntake: :update() // updates the subsystem based on the
— state

{
switch (mstate)
{
case IT_STATES::off:
mmotors.moveVoltage (0);
break;
case IT_STATES::in:
mmotors.moveVoltage (12000) ;
break;
case IT_STATES: :out:
mmotors.moveVoltage (-12000) ;
break;
}
}
/K */

BallControlStateMachine: :MIndexer: :MIndexer ()

: mstate (IX_STATES::off), mmotor(def: :mtr_ix) {} // constructor to set defaults
void BallControlStateMachine: :MIndexer: :update() // updates the subsystem based on the
— State

{
switch (mstate)
{
case IX_STATES::off:
mmotor.moveVoltage (0);
break;
case IX_STATES::in:
mmotor .moveVoltage (12000) ;
break;
case IX_STATES: :out:
mmotor .moveVoltage (-12000) ;
break;
}
}
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BallControlStateMachine: :MFlywheel: :MFlywheel()

{

: mstate (FW_STATES: :off), mmotors({def::mtr_fwl, def::mtr_fw2})

} // constructor to set defaults

void BallControlStateMachine: :MFlywheel: :update() // updates the subsystem based on the

—

{

state

switch (mstate)

{

case FW_STATES: :off:
mmotors.moveVoltage (0);
break;

case FW_STATES: :shoot:
mmotors.moveVoltage (12000) ;
break;

case FW_STATES::filter:
mmotors.moveVoltage(—lQOOO);
break;
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2.11 src/stateMachines/DrivetrainStateMachine.cpp
Jk*

DrivetrainStateMachine. cpp

*
*
* This file contains the definitions of the DrivetrainStateMachine class.

* DrivetrainStateMachine is a state machine that inherits from VStateMachine.
* It has an enumeration of different possible states to make it easy for

* the user to controll the drivetrain.

*

*

*

To use the state machine in auton, you use doAutonMotion() to disable
the normal state machine tasks and run the specified action.
*/

#include "main.h" // gives access to DrivetrainStateMachine and other dependencies

K *x/
/* Private Information */
K e */
S State —————————————————————————— */

bool DrivetrainStateMachine: :stateChanged() // returns whether the last state is the
— same as the current one

{

if (mstate != mlastState)

{

return true;

}

return false;
}
/K */
/* Public Information */
e */

DrivetrainStateMachine: :DrivetrainStateMachine() : mstate(DT_STATES: :off),

—» mlastState(mstate), mcontroller(def::controller),

— mtoggleFieldCentric(def: :btn_dt_tglFieldCentric), mdrivetrain(def::drivetrain) {}
— // constructor to set defaults

DT_STATES DrivetrainStateMachine: :getState() { return mstate; }
void DrivetrainStateMachine: :setState(DT_STATES istate)
{

mlastState = mstate;

mstate = istate;

}

void DrivetrainStateMachine: :doAutonMotion(std: :function<void()> iaction) // disable
< manual control, and execute the action

{
DT_STATES oldState = mstate;
setState(DT_STATES: :busy) ;
iaction();
setState(oldState);

}
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void DrivetrainStateMachine: :controlState() // update the state based on controller
- 1nput
{
if (mtoggleFieldCentric.changedToPressed()) // toggle field centric
{
if (mstate == DT_STATES::manual)

{
mstate = DT_STATES: :fieldCentric;
}
else
{
mstate = DT_STATES: :manual;
}

}

void DrivetrainStateMachine: :update() // move the robot based on the state
{

switch (mstate)

{

case DT_STATES::off:
break;

case DT_STATES: :busy:
break;

case DT_STATES: :manual: // normal, arcade control
mdrivetrain.moveArcade (mcontroller.getAnalog(ControllerAnalog: :leftY),
< mcontroller.getAnalog(ControllerAnalog: :leftX),
— mcontroller.getAnalog(ControllerAnalog: :rightX), false);
break;

case DT_STATES::fieldCentric: // field centric arcade control
QAngle direction = 90_deg -
— atan2(mcontroller.getAnalog(ControllerAnalog: :leftY),
— mcontroller.getAnalog(ControllerAnalog: :leftX)) * radian;
double magnitude = hypot(mcontroller.getAnalog(ControllerAnalog: :leftX),
— mcontroller.getAnalog(ControllerAnalog: :1leftY));
mdrivetrain.moveInDirection(direction, true, magnitude,
— mcontroller.getAnalog(ControllerAnalog: :rightX), true);
break;

}
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2.12 src/util/CustomOdometry.cpp

Jk*
* CustomOdometry.cpp
*
* This file contains the declaration of the CustomOdometry class.
* CustomOdometry is resposible for doing all the math and storing
* gnformation about the robot's position and orientation. Everthing
* 15 static, because there doesn't need to be more than one position
* calculation.
*/
#include "main.h" // gives access to CustomOdometry and other dependencies
/K m */
/* Private Information */
K *x/
Tt Constants ———————————————————————= */

const double & CustomOdometry::moffFIn =
def : : TRACK_FORWARD_OFFSET.convert(inch); // offset of forward tracking wheel in
— 1nches
const double & CustomOdometry: :moffSIn =
def: :TRACK_SIDE_OFFSET.convert(inch); // offset of side tracking wheel in inches
const double & CustomOdometry::mcircIn =
def : : TRACK_WHEEL_CIRCUMFERENCE.convert(inch); // tracking wheel circumference in
— 1nches

/¥ mmmmmm Sensor References ———————————————————- */

ADIEncoder & CustomOdometry::meF = def::track_encoder_forward; // left tracking wheel
— encoder

ADIEncoder & CustomOdometry::meS = def::track_encoder_side; // right tracking wheel
— encoder

pros::Imu & CustomOdometry::mimul = def::imu_bottom; // inertial sensors

pros::Imu & CustomOdometry::mimu2 = def::imu_top;

Sk mm Starting Values ————————————————————— */
OdomState CustomOdometry::mstate = {0_in, O_in, O_rad}; // position of the robot
bool CustomOdometry::menabled = true; // whether or not the loop is allowed to Tun

[* mmmmm e Methods ————————————————————————- */
std: :valarray<double> CustomOdometry: :getSensorVals() // returns new sensor values
{
return {meF.get(), meS.get(),
((isinf (mimul.get_rotation()) 7 O : mimul.get_rotation()) +
(isinf (mimu2.get_rotation()) 7 0 : mimu2.get_rotation())) *
M_PI / 180 / 2};

}

e */
/* Public Information */
K *x/

OdomState CustomOdometry::getState() { return mstate; } // returns the current state of

— the robot

QLength CustomOdometry::getX() { return mstate.x; } // returns the z value of the state
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QLength CustomOdometry::getY() { return mstate.y; } // returns the y value of the state
QAngle CustomOdometry: :getTheta() { return mstate.theta; } // returns the theta value
— of the state
void CustomOdometry::setState(const OdomState & istate) // sets the state of the robot
{

mstate = istate;

}

void CustomOdometry::enable() // allows the odometry thread to be started (but does not
~ start it)
{

menabled = true;
X
void CustomOdometry::disable() // stops the odometry thread from running, prevents it
— from starting

{

menabled = false;
}
OdomState

CustomOdometry: :mathStep(const std::valarray<double>
ivalsDiff) // does one iteration of odometry math, given
— semsor changes

const double df =
ivalsDiff[0] * mcircIn / 360; // stores the change of all tracking wheels in
— 1inches

const double ds = ivalsDiff[1] * mcircIn / 360;

double vectorLx, vectorLy; // declares local offset z and y
if (ivalsDiff[2]) // if the robot turned

{
vectorLx = 2 * sin(ivalsDiff[2] / 2) =*
(ds / ivalsDiff[2] + moffSIn); // stideways translation based on arc
vectorLy = 2 * sin(ivalsDiff[2] / 2) *
(df / ivalsDiff[2] + moffFIn); // forward translation based on arc
}
else
{
vectorLx = ds; // stideways translation (without turning)
vectorLy = df; // forward translation (without turning)
}

if (isnan(vectorLy)) // makes sure the local offsets exist
vectorLy = 0;

if (isnan(vectorLx))
vectorLx = 0;

double avgT =
mstate.theta.convert(radian) + ivalsDiff[2] / 2; // calculates the direction
— the robot moved

double polarR = hypot(vectorLx, vectorly); // calculates polar cordinate, T
double polarT
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atan2(vectorLy, vectorLx) - avgT; // calculates polar cordinate, theta, and
— Trotates

double dx = sin(polarT) * polarR; // converts new polar coordinates back to

—

cartesian

double dy = cos(polarT) * polarR;

if (isnan(dx)) // makes sure the cartesian coordinates exist

dx = 0;

if (isnan(dx))

dy = 0;

return {dx * inch, dy * inch}; // return the change in position

}

/K *x/

/* Friend Method */

K e */

void odomTaskFunc(void *) // friend function to CustomOdometry to be run as a separate
— thread

{

std: :valarray<double> lastVals{0, 0, O},

newVals{0, 0, 0}; // arrays used for storing semsor values

OdomState newState; // used to store the change in state
waitForImu(); // watt for the inertial sensors to calibrate
CustomOdometry: :mstate = def::SET_ODOM_START; // set the starting position to the

—

origin

while (CustomOdometry::menabled)

{

newVals = CustomOdometry: :getSensorVals(); // provides new sensor values and
— saves them
newState = CustomOdometry: :mathStep(
newVals -
lastVals); // runs odometry math on sensor value change to calulate change
— 1n State
lastVals = newVals; // stores sensor wvalues for the next iteration

// updates state based on change
CustomOdometry: :mstate.x += newState.x;
CustomOdometry: :mstate.y += newState.y;

CustomOdometry: :mstate.theta = newVals[2] * radian;

pros::delay(10); // run odometry at 100hz (every 10 ms)
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2.13 src/util/util.cpp

Jk*
* util.cpp
*

*

Thts file contains miscellaneous utility functions and classes
* to help with the general organization of the rest of the code.
*/

#include "main.h" // gives access to util.hpp and other dependencies

K *x/
/* ExtendedPoint Struct */
/K S /

* ExtendedPoint struct inherits from the butlt in okapi Point struct,

* but provides additional functionality, like an orientation value

* (theta) as well as z and y values. It also adds some vector operations that are used
— for path

* following in the drivetrain class.

*/
ExtendedPoint: :ExtendedPoint (QLength ix, QLength iy, QAngle itheta) : theta(itheta)
{

x = 1ix;

y = iy;

Sk Subtraction ——————————————————————- */
ExtendedPoint ExtendedPoint: :operator-(const ExtendedPoint & ivec) // overloaded
- subtraction
{
return ExtendedPoint(x - ivec.x, y - ivec.y, theta - ivec.theta);
}
ExtendedPoint ExtendedPoint::sub(const ExtendedPoint & ivec) // subtraction method
{
return *this - ivec;

3

S Addition ———————————————————————— */
ExtendedPoint ExtendedPoint: :operator+(const ExtendedPoint & ivec) // overloaded
— addition
{
return ExtendedPoint(x + ivec.x, y + ivec.y, theta + ivec.theta);
}
ExtendedPoint ExtendedPoint::add(const ExtendedPoint & ivec) // addition method
{
return *this + ivec;

3

[* mmmmm Multiplication ——-——————————————————- */
QLength ExtendedPoint::dot(const ExtendedPoint & ivec) // dot multiply wvectors
{

return (x.convert(inch) * ivec.x.convert(inch) + y.convert(inch) *

< 1ivec.y.convert(inch)) * inch;
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ExtendedPoint ExtendedPoint: :operator*(const double iscalar) // overloaded scalar
— multiplication
{
return ExtendedPoint(x * iscalar, y * iscalar, theta * iscalar);
}
ExtendedPoint ExtendedPoint::scalarMult(const double iscalar) // multiply the vectors
— by a scalar
{
return *this * iscalar;
}
ExtendedPoint ExtendedPoint: :operator*(const ExtendedPoint & ivec) // elementwise
— multiplication

{
return ExtendedPoint ((x.convert(inch) * ivec.x.convert(inch)) * inch,
(y.convert(inch) * ivec.y.convert(inch)) * inch,
(theta.convert(degree) * ivec.theta.convert(degree)) * degree);
}

ExtendedPoint ExtendedPoint::eachMult(const ExtendedPoint & ivec) // elementwise
— multiplication

{

return *this * ivec;

Sk e Comparative ——————————————————————- */
bool ExtendedPoint: :operator==(const ExtendedPoint & ipoint) // overloaded equivalence
— check

{

return x == ipoint.x && y == ipoint.y && theta == ipoint.theta;
}
Tttt Other ——=———————————————————— */

QLength ExtendedPoint::dist(const ExtendedPoint & ivec) // distance between points
{
return sqrt((x - ivec.x).convert(inch) * (x - ivec.x).convert(inch) +
(y - ivec.y).convert(inch) * (y - ivec.y).convert(inch)) *

inch;
}
QLength ExtendedPoint::mag() // magnitude
{
return sqrt(x.convert(inch) * x.convert(inch) + y.convert(inch) * y.convert(inch))
— % 1inch;
}

ExtendedPoint ExtendedPoint::normalize() // creates a wector with a length of 1
{
return ExtendedPoint((x.convert(inch) / mag().convert(inch)) * inch,
(y.convert(inch) / mag().convert(inch)) * inch, theta);
}
std: :string ExtendedPoint: :string() // returns the point in string form for testing
{
return "{" + std::to_string(x.convert(inch)).substr(0, 3) + ", " +
std: :to_string(y.convert(inch)).substr(0, 3) + ", " +
std: :to_string(theta.convert(degree)) .substr(0, 3) + "}";
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void waitForImu() // blocks the exzecution of the code until the imu is done calibrating
{
while (def::imu_top.is_calibrating() || def::imu_bottom.is_calibrating())
pros::delay(100);

[* mmmmmm OdomDebug Helpers ——-—-————————————————- */
void odomSetState(OdomDebug: :state_t istate) // sets the state of odometry based on
— display inputs
{
CustomOdometry: :setState({istate.x, istate.y, istate.thetal});
}
void odomResetAll() // resets everything having to do with odometry (for "Reset' button)
{
CustomOdometry: :setState({0_ft, 0_ft, O_degl}); // sets the robot's positinon to 0
def::imu_top.reset(); // resets the imu
def::imu_bottom.reset(); // resets the imu
// resets the ecoders
def: :track_encoder_forward.reset();
def: :track_encoder_side.reset();
waitForImu(); // waits for the imu

SF Task Functions —-———————————————————— */
void sm_dt_task_func(void *) // state machine drivetrain task to be run independently

{
while (true)

{
def::sm_dt.controlState(); // update the state from controller input
def::sm_dt.update(); // moves the robot based on the state
pros: :delay(20);

}

3

void sm_bc_task_func(void *) // state machine ball control task to be run independently

{
while (true)

{
if (def::sm_bc.controlEnabled)
{
def::sm_bc.controlState(); // update the state from controller input <f <t
— 15 enabled
¥
def::sm_bc.update(); // moves the robot based on the state
pros: :delay(20);
}

}

void display_task_func(void *) // display task to be run independently

{
while (true)
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def::display.setOdomData(); // update the odometry information
// room for any other miscellaneous debugging

pros: :delay(20);

}
}
Y Macros ————————————————————————— */
void deploy() // deploys the robot
{

def::sm_bc.fwShoot(); // deploys the hood

pros: :delay(250);

def::sm_bc.fwOff();
}
[k *x/
/* Control */
/K */
/¥ PID Class ——————==——=——=——————————— /

PID is a feedback loop that uses the difference between the goal and the current
position (error)

of the robot to dectde how much power to give the motors. The "P" stands for
"proportional”, and

1t adds power proportional to the error, so it gets slower and slower as it gets
closer to the

goal to prevent it from driving too fast past tt. The "D" stands for "derivative”,
because it

uses the derivative of the error (the speed of the robot) to apply power. The faster
the robot

goes, the more the d term works to slow it down. The "I" stands for "integral",
because 1t uses

the integral of the error (the absement of the robot) to apply power. When the robot
15 close to

the goal, sometimes the "P" and "D" terms do not apply enough power to move the
robot, but when

the robot isn't moving (and when it is), the "I" term s acumulating, so it
eventually builds up

enough to move the robot even closer to the goal. This tmplementation of PID only
enables the "I"

term when the robot is close enough to the goal, to prevent "integral windup”, which
15 when the

integral gets too big when i1t's too far away from the goal.

We have a PID controller class, because we use different PID loops in many different
places in

the code, so we wanted to be able to be able to quickly make one with constants
spectific to the

application.

/

PID::PID(double ikP, double ikI, double ikD, double ikIRange, double isettlerError,

double isettlerDerivative,
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209

QTime isettlerTime) // constructor that sets constants, and initializes

— wvartables

: msettlerError(isettlerError), msettlerDerivative(isettlerDerivative),
msettlerTime (isettlerTime), msettler(TimeUtilFactory: :withSettledUtilParams (

msettlerError, msettlerDerivative,
— msettlerTime)
.getSettledUtil()),

mkP (ikP), mkI(ikI), mkD(ikD), mkIRange(ikIRange), merror(0), mlastError(0),

— mtotalError(0),
mderivative (0)

{

}

PID: :PID(const PID & iother) // copy constructor for duplicating PID objects behind the

— scenes

{

msettlerError = iother.msettlerError;

msettlerDerivative = iother.msettlerDerivative;

msettlerTime = iother.msettlerTime;
msettler =

TimeUtilFactory: :withSettledUtilParams (msettlerError, msettlerDerivative,

< msettlerTime)
.getSettledUtil();

iother.mkP;

mkI iother.mkI;

mkD iother.mkD;

mkIRange = iother.mkIRange;

mlastError = iother.mlastError;

mtotalError iother.mtotalError;

mderivative = iother.mderivative;

mkP

}

double PID::getLastError() { return mlastError; }
double PID::getTotalError() { return mtotalError; }

void PID::setGains(double ikP, double ikI, double ikD) // used only for changing

— constants later

{
mkP = ikP;
mkI = ikI;
mkD = ikD;
¥

double PID::getP() { return mkP; }
double PID::getI() { return mkI; }
double PID::getD() { return mkD; }

double PID::iterate(double ierror) // goes through one iteration of the PID loop

{
merror = ierror;
if (wkI != 0) // regulate integral term
{

if (abs(merror) < mkIRange && merror != 0) // if in range, update mtotalError

{
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mtotalError += merror;

3

else
{
mtotalError = 0;
b
util::chop<double>(-50 / mkI, 50 / mkI,
mtotalError); // limit mtotalError to prevent integral windup

mderivative = merror - mlastError; // calculate the derivative before lastError s
— overwritten
mlastError = merror; // save the current error for the next cycle

return merror * mkP + mtotalError * mkI + mderivative * mkD;

}

bool PID::isSettled() // returns whether or nmot the controller is settled at the target
{

return msettler->isSettled(merror);

[k mmmm o Slew Class ———————————————————————- /

Slew rate control is a system that limits the change in speed to prevent wheel slip.
If the robot

changes speed too fast, the wheels can slip, and make the rTobot's motion less fluid.
When the

target speed changes by a lot, the slew rate controller slowly increases it's output
to

eventually get to the target speed.

*
*
*
*
*
* This Slew rate controller is also intended to be used with PID, but sometimes when
— slew is used
* with PID, it interferes with the settling of the PID. To prevent this, the slew rate
— controller
* 15 only active when there are large changes in the target input value, making %t
— only really
* affect the beginning of the motion. For example, if the motors aren't moving, and
— the target
* value suddenly jumps to 100J, the slew controller might gradually increase by
— increments of 5
* until it reaches 100}, but if the target value jumps to fromOj to 20J, the slew
— controller might
* not engage (actual values depend on constants "mincrement" and "mactiveDifference").
*/
Slew: :Slew(double iincrement, double iactiveDifference)

: mincrement(iincrement), mactiveDifference(iactiveDifference), mlastValue(0) //

— constructor

{
}
double Slew::getIncrement() { return mincrement; }

double Slew::getActiveDifference() { return mactiveDifference; }
double Slew::getLastValue() { return mlastValue; }
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double Slew::iterate(double ivalue) // limits the input value to mazimum changes

—

{

* The uttl namespace ts used to organaize basic functions that don't

described by

// constants when run in a loop

if (abs(ivalue - mlastValue) >

mactiveDifference) // only activate i1f the wvalue difference is over the

— threshold

mincrement) // if the input is too big, only let it increase by a

else if (ivalue < mlastValue - mincrement) // if the <nput is too small, only

// decrease

{
if (ivalue >
mlastValue +
< mazimum amount
{
mlastValue = mlastValue + mincrement;
return mlastValue;
}
- let 1t
{
mlastValue = mlastValue - mincrement;
return mlastValue;
}
}

mlastValue = ivalue;

return ivalue; // this only happens if nothing ts wrong

* nmecessarily need to be used for robotics.

*/

/%

* These methods take any angle, and return an angle representing the same position in

—

* range. For example, wrapDeg(370) returns 10, because 370 is out of the range [0,

—

*/

—————————————————————— Angle Wrappers
a specific

360) .

double util::wrapDeg(double iangle) // range [0, 360)

{

}

iangle = fmod(iangle, 360);
if (iangle < 0)

iangle += 360;
return iangle;

double util::wrapDegl80(double iangle) // range [-180, 180]

{

iangle = fmod(iangle, 360);
if (iangle < -180)
iangle += 360;
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else if (iangle > 180)
iangle -= 360;
return iangle;

}
double util::wrapRad(double iangle) // range [0, 2pi)
{
iangle = fmod(iangle, 2 * 3.14159265358979323846) ;
if (iangle < 0)
iangle += 2 * 3.14159265358979323846;
return iangle;
}

double util::wrapRadPI(double iangle) // range [-pti, pil
{
iangle = fmod(iangle, 2 * 3.14159265358979323846) ;
if (iangle < -3.14159265358979323846)
iangle += 2 x 3.14159265358979323846;
else if (iangle > 3.14159265358979323846)
iangle -= 2 x 3.14159265358979323846;
return iangle;
}
QAngle util::wrapQAngle(QAngle iangle) // range [0, 360) for (Angles
{
iangle = fmod(iangle.convert(degree), 360) * degree;
if (iangle < O_deg)
iangle += 360_deg;
return iangle;
}
QAngle util::wrapQAnglel80(QAngle iangle) // range [-180, 180] for @Angles
{
iangle = fmod(iangle.convert(degree), 360) * degree;
if (iangle < -180_deg)
iangle += 360_deg;
else if (iangle > 180_deg)
iangle -= 180_deg;
return iangle;
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