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What We’ll Talk About

" Goals

= The development environment
= Talking to the RoboRIO

= Making it move

= Resources

= Summary
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Goals

= The goal of this presentation is to help you
understand how to prepare your development
environment for use with C/C++ and Java

= We clearly can’t explain all of the aspects
because we have limited time

» But, you should leave here with a better
understanding of the process

= We will be talking about the set up rather than
the languages themselves

» The WPILIb is equivalent between the
environments
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Warning: Beta Code...

= What you will see is the 2019 JOIN BETA
Beta software that we've been
working with over the past
couple of months

= Some things are likely to change, but it's
pretty feature complete at this point

" There were quite a bit of head scratching while

we were working with getting things running

» The approach is quite a bit different than in years
past
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Why C/C++?

= C/C++is a standard in embedded systems
programming for over 30 years

» It's still the most predominant language in embedded
lefé(, the loT and the real-time operating system (RTOS)
wor

 This gives your team valuable real-world experience
" |t's compiled to native machine code

» No virtual machine interpreters
* No pausing due to garbage collection

» It's fast
= |t's the native language of the RoboRIO’s Linux-based
operating system
» The environment is written in C and Assembler
» You get easy, direct access to the underlying O/S
= C++ is object oriented
» Full support from WPILib
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Why Not C/C++?

= C/C++ is compiled
» This adds complexity to the build

= C/C++ is textual

» There are no cutesy GUIs with lots of obscure
symbols and squiggly lines ©

= There is no VM to catch your mistakes

» The syntax is similar to Java
e Java was derived from C++
« Java VM is written in C/C++

= C/C++ has pointers
» Objects can be referenced in many different ways

» This concept can be troublesome for some
developers
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Why Java?

= Java has wide support in the industry

» Object-oriented approach with lots of reference material
= Java is the language used on the AP exams

» Used in many computer science classes
= Java is a byte-code interpreted language

» The use of the Virtual Machine (VM) allows for many
dynamic language features

= The VM will help catch some common memory
mistakes

= The version of Java used on the RoboRIO is version
11 from Oracle

= WPILib is actually written in Java and then translated
to C++
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Why Not Java?

= Java is interpreted
» Performance is lower than C/C++

= Java is also textual like C++

» But, Java can be written using either imperative or
declarative programming styles

= The version of Java on the RoboRIO is not
optimized for use in control systems

» The version is actually targeted at business
applications

= Garbage collection cycle will cause the robot to
hesitate during the mark-and-sweep cycle

» Given the length of our matches, this should not be a
problem
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Top 20 Languages — Dec 2018

Dec 2018 Dec 2017 Change Programming Language Ratings Change u La bVI EW

1 1 Java 15.832% +2.66%

2 2 C 14.282% +4.12% was #35 on
3 4 Python 8.376% +4.60% thlS IISt

4 3 v C++ 7.562% +2.84%
5 7 Visual Basic NET 7.127% +4.66%
6 5 v C# 3.455% +0.63%
7 B v JavaScript 3.063% +0.59%
8 9 PHP 2.442% +0.85%
9 - SaL 2.184% +2.18%
10 12 Objective-C 1.477% -0.02%
1 16 Delphi/Object Pascal 1.396% +0.00%
12 13 Assembly language 1.371% -0.10%
13 10 v MATLAB 1.283% -0.29%
14 1 v Swift 1.220% -0.35%
15 17 Go 1.189% -0.20%
16 8 ¥ R 1.111% -0.80%
17 15 v Ruby 1.109% -0.32%
18 14 ¥ Perl 1.013% -0.42%
19 20 Visual Basic 0.979% -0.37%
20 19 v PL/SQL 0.844% -0.52%
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Some Useful Info...

= The RoboRIO runs Linux C—— i)
> SSH server is available Mo |
« Use Putty on Windows to get to SSH |~ T | fettereeraion P;;
* shell S o Tt © lgn @ 55 © 5t
» File transfers from IDE use SCP T
= Addressing is via mDNS e —w
» roborio-<team #>-FRC.local =
= The Web server on the RoboRIO e | =—
IS being redesigned at this time B
so we don’t quite know what it s )[_ree oo |G

will look like yet

» However, last year’s requirement for Microsoft Silverlight
seems to be gone ©

= Do not delete “admin” account
» All program transfers require it
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The Development Environment

" The FIRST-supported development platform for
’?/?H and Java is Microsoft Visual Studio Code
00
» Available for Windows, MacOS and Linux
» The compiler is the open-source GCC 6.3 compiler
* Supports C++11 extensions
= The C compiler is actually a cross-compiler

» We are building on an x86 for an ARM-based system

« Again, this is a standard approach for commercial,
embedded development

= For Java, the build system will run the Java
source code through the Oracle JDK to produce
Java bytecode
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Development Environment #2

= The installation tool will install the Oracle JDK
» And, install VSCode if you select that option

" The build environment is the GradleRIO plug-
in from Github

» https://github.com/wpilibsuite/GradleRIO

= The WPILib VSCode plug-in will have all of
the tools needed to build and deploy code to
the robot
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Install National Instruments Update

" |t's probably best if you uninstall previous
versions

» Delete the <user>/wpilib directory as well

» It will take at least 10-20 minutes to install
 Longer if you need to uninstall the previous version

= This will also install the FRC Driver Station
application

» This will also install the RoboRIO imaging tool
and the latest firmware release

" The system will reboot after installation
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2019 Driver Station

22| FRC PC Dashboard

No Camera Selection

No Camera Selection W 3200240 15fps 30% 0 Mbps

@ FRC Driver Station - Version 18.0b6

0:00.0

TeleOperated Elapsed Time

Autonomous
-&- PC Battery

PCCPU% 1

Practice

Test

Window

Team Station Red1
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Drive  Camera Basic Custom Test Commands

Joysticks

Drive Motors

Front

Back

® NT Connection

No Camera Selection b

0 fps

Team # 116 &

11.16 V

Communications =
Robot Code
Joysticks

No Robot
Code

Checklist - Variables

Gyro 0

I
3€0

Select Autonomous ... . |

320x240 15fps 30%
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Getting Your RoboRIO Ready

= Before you can start
development, you'll need
to make sure that your
RoboRIO has the proper
operating system
image on it
» This is accomplished

using the RoboRIO imaging
tool or it can be done through LabVIEW

" The RoboRIio imaging tool will automatically
install Java on the the RoboRio
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Update the RoboRIO

roboRIO
Imaging Tool
roboRIO Targets
P roboRIO-116-FRC " O Edit Startup Settings
(® Format Target
(O Update Firmware
v Team Number 116
System Information Select Image
MAC Address 00:80:2F: 17:DE:98 FRC_roboRIO_2019_v7.zp A
Current IP 172.22.11.2
Current Image FRC_roboRIO_2019_v7
v
Firmware Version 6.0.0f1
Re-Imaging roboRIO target
] Sesca Reformat Close
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Launch the WPILib/tools Install

= Unlike last year, the WPILIib tools are
extracted from a separate archive

» ~ 3.25 GBs for the zipped download

= We'll look at the Windows installation, but

there are install steps for both MacOS and
Linux as well

< " » ThisPC > Downloads » 2019-Beta » WPILib » WPILib Beta 2 v O Search WPILib Beta 2 yel
X Name Date modified Type Size
7 Quick access

| WPILib_Full-Linux_2019.1.1-beta-2.tar.gz 11/20/2018 10:48 AM GZFile 891,857 KB

I Desktop X . i i
|| WPILib_Full-Mac_2019.1.1-beta-2.tar.gz 11/20/2018 10:46 AM GZFile 820,036 KB
¥ Downloads 4 =] WPILib_Installation-Instructions_2019.1.1-beta-2 11/20/201810:50 AM  Text Doc KB
5] Documents # || WPILib_Release-Notes_2019.1.1-beta-2 11/20/2018 10:50 AM  Text Document 3KB
&= Pictures @ wrlLibinstaller_Full-Windows32_2019.1.1-beta-2 11/20/2018 10:44 AM Application 606 KB
EWARM @ WrlLiblnstaller_Full-Windows64_2019.1.1-beta-2 11/20/2018 10:42 AM Application 878,641 KB

FRC

v
6 items - =
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Installation of Visual Studio Code

= |n theory, you should be able to use an
existing VSCode installation

» That didn’t work too well in the Beta, so we opted

to allow the installation tool to install VSCode for
us

= The installation will take about 10 minutes

» There are still some manual settings that you'll
need to do with search paths for the JDK and the
JAVA HOME environment variable

» Requires that you run a script to update these things

» Presumably, these things will be taken care of by
Kickoff
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Installing WPILib/VSCode

Use Checkbox to force reinstall

If tem is unchecked, it was detected to already be installed.
It tem is unselectable, those components are not available.
Note WPILib requires its own VS Code install. It will not
install into an already existing VS Code install.

C++ Compiler Select/Download VS Code
Gradle o
Java JOK/JRE ' .
This window will close when H 0
download finishes. 1
Use Checkbox to force reinstall
If tem is unchecked, it was detected to already be installed.
t It tem is unselectable, those components are not available.
. Note WPILib requires its own VS Code install. it will not
Tools and Utilties — ! install into an already existing VS Code install.
WPILb Dependencies i { Visual Studio Code Open Dowrio
: — e —— C++ Compiler File.
Execute Install Gradle ‘
Click button above to open
M Java JDKAJRE downloaded VS Code file.
You can copy the zip file to
another system if you need.
It is called:
OfflineVsCodeFiles zip

Tools and Lkilities

WPILib Dependencies

Visual Studio Code Extensions
Execute Install
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The VSCode with WPILib Extension

t ‘ ISIONS £ Extension: WPILIb X

FRCVS Code :
2019 j © I WPILib

C/C++ 0201 wpilibsuite
C/C++ IntelliSense, debugging, and code bro... VSCode extension for WPILib Team Use

Microsoft -
. o s [ Open WPILib Command Palette

Debugger for Java o0.150
A lightweight Java debugger for Visual Studio...

s o Details Contributions Changelog

Language Support for Java(TM) by R... 0
Java Linting, Intellisense, formatting, refactori...

Red Hat Updateto0350° I  \WPILib VSCode README

WPILib 2019.1.1-beta-2
VSCode extension for WPILib Team Use
wpilibsuite o Features

This extension provides the WPILIb support for FRC teams in VS Code.

Requirements
4 RECOMMENDED

No extensions found. The extension has no required dependencies, however to get the most out of the extension, you will want the

Java Extension Pack and the C/C++ extension from the extension marketplace.

Extension Settings

TODO
Known Issues
This is an alpha, so if you find any PLEASE report them.

Release Notes

ﬁ » DISABLED

D0AO
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Creating a Project #1

File Edit Selection View Go Debug Terminal Help  Welcome - Visual Studio Code

Welcome X >WPILib|

C++: Refresh Gradle C++ Properties

C++: Select Current C++ Toolchain

: Build Robot Code

: Cancel currently running tasks

: Check for WPILib Updates

: Create a new class/command

: Create a new project

: Debug Robot Code

: Deploy Robot Code Shift + F5
: Import a WPILIb Eclipse project
: Install tools from GradleRIO

Recent : Manage Vendor Libraries

: Open WPILIb Command Palette

Learn

Find and run all commands

Interface overview

Show welcome page on startup

Interactive playground

X Extensions have been modified on disk. Please reload the window. X

Reload Window

® Al
EA- FRC Team #116
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Creating a Project #2

W' WPILb Project Creator X

Welcome to WPILib New Project Creator

Select a folder to place the new project into.

c:\Users\chin_\Documents\Arcade

Select a new project folder

Create new folder? Highly recommended to be checked

Enter a project name
Arcade-example

Enter a team number

116

Generate Project
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Resulting Project

C* Robot.cpp X

4 OPEN EDITORS 1
X C: Robot.cpp srd\main\cpp
4 ARCADE-EXAMPLE
b .gradle
b .vscode
wpilib
build
gradle
SIc
4 main
4 Cpp
C+ Robot.cpp
¢ deploy

b test
Robot : frc::TimedRobot {

frc::Spark m_leftMotor{®};
frc::Spark m_rightMotor{1};

giaciew frc::DifferentialDrive m_robotDrive{m_leftMotor, m_rightMotor};
I8 gradlew.bat : frc::Joystick m_stick{e};

.gitignore
(& build.gradle

settings.gradle
TeleopPeriodic() {

m_robotDrive.ArcadeDrive(m_stick.GetY(), m_stick.GetX());
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Build and Deploy

>WPILib |

: Build Robot Code

: Create a new project

: Check for WPILIb Updates
C++: Refresh Gradle C++ Properties
C++: Select Current C++ Toolchain

: Cancel currently running tasks

: Create a new class/command

: Debug Robot Code

: Deploy Robot Code Shift + F5

: Import a WPILiIb Eclipse project

: Install tools from GradleRIO

: Manage Vendor Libraries

: Open WPILIb Command Palette

TERMINAL 1: Task - C++ Build

> Executing task: gradlew build -Dorg.gradle.java.home="C:\Users\Public\frc2e19\jdk" <
> Configure project :

A

Skipping build: executable 'frcUserProgram:desktop:debug:executable’: Could not find valid toolchain for platform de

platform desktop
Skipping build: google test exe ‘frcUserProgramTest:desktop:release:googleTestExe': Could not find valid toolchain f
or platform desktop

I U in 9s
4 actionable tasks: 4 executed

Terminal will be reused by tasks, press any key to close it.
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Install the Third-Party Libraries

* The CTRE and Kauaii Labs libraries are unbundled
from the WPILib development environment

» You will need to install these libraries separately into the
VSCode workspace

= CAN bus is a feature now of several FRC-legal motor
controllers

* For CTRE motor controllers, you will need to install the
CTRE Phoenix framework onto your platform
» The Phoenix Diagnostics application will enable you to

update your CAN firmware for the PDP, PCM, Talon SRX
and Victor SPX devices

" You'll need to add the libraries and header files to the
search path of your project using the VSCode external
library mechanism
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Configure CAN Bus (CTRE)

&* Dashboard Version (0.4.4.C 0
i Tool
Phoenix 2 it
Diagnostics Prepare the Target Robot Controller CAN Devices  Web Diagnostics Log
Device Name Software Status Hardware ID Fimware Version  Manufacturer Date Bootloader Revision Hardware Version Vendor
& PCM (Device ID 2) Running Application. PCM 2 165 June 17, 2015 30 16 Cross The Rc
‘W PDP (Device ID 1) Running Application. PDP 1 140 July 14, 2015 31 Smart Module 1.1, Ba... Cross The Rc
< >
General Device Configuration
~N
Changethe ID: 2 5 Change ID PCM IS NOT ENABLED! ¥ robot is enabled maybe the ID is wrong?
Close-Looping is ON, but PCMis DISABLED.
Change the name: |PCM (Device ID 2) | | Change Name Comp Is Off
Pressure is full.
Press to animate device LEDs and confim D is comect. Blink
(Fault) (Now) (Sticky)
Comp Cum Too High 0 0
Comp Short Circut 0 0
Field-Upgrade Device Fi Solenoid Fuse 0 0
vice Himware Comp Curr Too Low 0 1 Most likely the compressor is not connected.
‘ Select CRF and Press "Update Fimware" to flash new fimware. Solen 0 0
Solen 2 g
Solen 3
Update Device Solen 4 0
Solen 5 0 v
Updating http://172.22.11.2:1250 CTRE Devices... 0Ok Server Version: 0.3.2.0 - PreRelease .
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Install 3"9-Party Library into Your Project

= Before you can use the 3"-party libraries,
you'll need to import them into your project

=l
4 main

4 cpp
Robot.cpp

b deploy
b test
.gitignore
(£ build.gradle
= gradlew
: gradlew.bat
& settings.gradle

T

Q@oA0

b OUTLINE
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Open to the Side
Reveal in Explorer

Open in Terminal
Update project configuration
Select for Compare

Copy
Copy Path
Copy Relative Path

Rename

Delete

Build Robot Code
Deploy Robot Code
Manage Vendor Libraries

Test Robot Code

cfFre

Ctrl+Enter
Shift+Alt+R

Shift+Alt+U

Ctri+C
Shift+Alt+C
Ctrl+K Ctrl+Shift+C

Delete

Shift+F5
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3rd-Party #2

= Select the “Install new libraries (offline)” and
then select the library you want to install

k\,:_ art an onhion
- = I Q) () | (v

Manage current librares
Check for updates (offline)
Check for updates (online)
Install new libranes (offline)

Install new library (online)

~haoark ta inctall

B CTRE-Phoenix 5.1
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3rd-Party #3

" Once the library is installed in your project,
you can start using the features it provides

= You'll need to make sure you've got the
header files or imports listed

» Or, the build will fail miserably

= Once built, you can deploy the 3"-party
goodness to the robot
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xample J

EXPLORER

OPEN EDITORS

W WPILib Help

Main.java

x Robot,java src\main\java\frc\robot
TANKDRIVE

.gradle

settings

vscode

wpilib

gradle

src

4 main

b deploy
4 java
4 frc
4 robot
Main.java
Robot.java

.gitignore
(& build.gradle
= gradlew
I8 gradlew.bat
(& settings.gradle

OUTLINE
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ava Robot Program

Robotjava X

frc.robot;

edu.wpi.first.wpilibj.Joystick;
edu.wpi.first.wpilibj.Spark;
edu.wpi.first.wpilibj.TimedRobot;
edu.wpi.first.wpilibj.drive.DifferentialDrive;

Robot TimedRobot {
DifferentialDrive m_myRobot;
Joystick m_leftStick;
Joystick m_rightStick;

@override

void robotInit() {

m_myRobot = new DifferentialDrive(new Spark(®), new Spark(1));

m_leftStick = new Joystick(9);
m_rightStick = new Joystick(1);

void teleopPeriodic() {
m_myRobot.tankDrive(m_leftStick.getY(), m_rightStick.getY());
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Resources

= Chief Delphi
» http://www.chiefdelphi.com
= FIRST forums
» http://forums.usfirst.org
= NI Community Forums
» http://ni.com/FIRST
= WPI / FIRST NSF Community site (ThinkTank)

= These sites are monitored by members of:

» WPI
» NI
» FIRST

= All source code available for team<->team
assistance

* Phone support through NI
» 866-511-6285 (1PM-7PM CST, M-F) ?
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Summary

= C/C++ can be very challenging to new developers

» C/C++ is similar enough to Java that Java developers can
adapt to it quickly
« However, pointers will require some explaining

» Performance and fine-grain control are the biggest advantages
to using C/C++

= Java has a lot of support within the FIRST community and
many school systems

= Being on the AP CS exam encourages schools to teach it

= Javais also used in the new FTC development environment
= Although the Java VM is slightly different for Android

= WPILib class libraries have equivalent capability between
C++ and Java versions

= Java and C++ are syntactically very similar

= You could start with one and then switch without too much
trouble

FRC C++-Introduction-32 EA- FRC Team #116



