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What We’ll Talk About

= Goals
= Why C/C++?

= The development environment
= Talking to the RoboRIO

= Making it move

= Resources

= Summary

FRC C++-Introduction-2 EA- FRC Team #116



Goals

= The goal of this presentation is to help you
understand how to use C/C++ in the
development of your robot

= We clearly can’t explain all of the aspects
because we only have 75 minutes

= But, you should leave here with a better
understanding of the process
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Why C/C++?

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

» Used in many real-world robotics frameworks
* ROS, Orinoco, OpenJAUS, etc.

It's still the most predominant language in embedded Linux and the
real-time operating system (RTOS) world

» This gives your team valuable real-world experience
It's compiled to native machine code

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

» It's fast
It's the native language of the new 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 WPILIib
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Top 10 Languages — Dec 2014

Dec 2014 Dec 2013 Change Programming Language Ratings
1 1 C 17.588%
2 2 Java 14.959%
3 3 Objective-C 9.130%
4 4 C++ 6.104%
5 5 C# 4.328%
6 6 PHP 2.746%
7 10 JavaScript 2.433%
8 8 Python 2.287%
9 11 Visual Basic .NET 2.235%
10 12 Perl 1.826%

= LabVIEW was #45 on this list
= Many of the top 10 were all derived from C/C++
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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 GUIs with lots of pallets of obscure
symbols and squiggly lines ©

= There is no hand-holding VM to catch your
mistakes

» You are responsible for memory management
= BTW, the Java VM is written in C/C++

= C/C++ has pointers
» Objects can be referenced in many different ways
» This concept can be complicated for some developers

FRC C++-Introduction-6 EA- FRC Team #116



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

= Java developers will need to deploy the Java 8
JDK to the RoboRIO

» There will be special instructions for this from
FIRST
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Some Useful Info...

The RoboRIO runs Linux

» SSH server is available

« Use Putty on Windows to get
to SSH shell

» File transfers from IDE use
SFTP

Addressing is via mDNS

» roborio-<team #>.local
The web server requires

Microsoft Silverlight plug-in

EE =<

&~ Session Basic options for your PuTTY session
Logging Specify the destination you want to connect to
= Teminal
Host Name (or IP address) Port

- Keyboard

- Bell robaoric-116local 22

- Features Connection type:
- Window ") Ra ) Teln Rlogin @ 55H () Serial

- Appearance Load, save or delet d

- Behaviour

. Translation Saved Sessions

- Selection roborio-116

- Colours -

Default Settings

[=)- Connection roborio-116 [ﬂ]

- Proxy

- Rlogin

- 55H
- Senal Close window on exit:
Aways () Never @ Only on clean exit
Aby l [ Hel Open ] ’ Cancel

Do not delete “admin” account and don’t add a

password to it

» All program transfers require it
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The Development Environment

= The FIRST supported platform for C/C++ and
Java is the Eclipse IDE tool

» The beta teams are using the Luna release
» The compiler is the open-source GNU 4.9 compiler
« Supports C++11 extensions
= The 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

= During the beta, FIRST is only supporting
Windows

» However, libraries and compilers are available for
OS/X and Linux
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Development Environment #2

= The beta supports Windows 7 or Windows 8

» You can still run it in a virtual machine
 For all you Mac OS/X and Linux fans

= 64-bit Windows is supported

= During the beta, only Windows 7 is supported
for the driver’s station and dashboard
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The Eclipse Luna IDE

= To get started, first install
Oracle Java 8 on the 2

Windows host ~7 eCIIDSe

» Either 32- or 64-bit
depending on your host

= Next, go to Eclipse.org and
download the Eclipse IDE for C/C++ developers

» 32- or 64-bit version to match your Java install
» Works for both C/C++ and Java development

= Once installed, you’ll connect to FIRST to
download the plug-ins for development

» This may change for kick-off
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Installed Eclipse

= Java - Relay/src/Robot.cpp - Eclipse EI@
File Edit Source Refactor MNavigate Search Project WPILiIb Run  Window Help
9 L @ N T s O R G o IR G e e
Quick Access u='g |@CIC++ 4 Debug
o Navigator 58 = B | [£ Rebotcpp 2 = O 5= Outline &2 = 8
BS| e ~ - kinclude "WPILib.h" " P EERY o % v
2 . .
> & CAN Talon SRX 4® * This is a sample program which uses jgystick buttons to control a relay.[] i WPILib.h
» = DeployJRE 15= class Robot: public SampleRobot 2 © Robot
a (5 Relay 16 { o m_stick : Joystick
. (= .settings 17 /! Joystick with which to control the relay. o m_relay: Relay
» [= Debug -3 Joystick m_stick; o © kRelayForwardButton : const in
4 [ sre 53 // Relay to use for the uz kReIa}rRe\rer.seButton:-:c:nitini
[€] Robot.cpp 21 Relay m_relay; = o klpdatePeriod : const double
E .cproject 22 @ Robot()
E project 23 // Numbers of the buttons to be used for controlling the Relay. @ OperatorControl() : void
build.properties 24 const int kRelayForwardButton = 1; e main():int
. 25 const int kRelayReverseButton = 2;
@ build.xml e
» (5 simple 27 // Update every Smilliseconds/®.885 seconds.
28 const double kUpdatePericd = @.885;
29 | 4
38 public:
316 Robot ()
32 m_stick(®), // Use joystick on port @.
33 m_relay(®) // Relay on port @.
34 {
35 }
36
37
38 Control a Relay using Joywstick buttons.
39 *f
s void OperatorControl()
4z while (IsOperatorControl() &% IsEnabled())
43
AA {f Datricwua +ha hit+nn ualuac GatDawRnt+an will rmatien 3l
4 » [ m v
El Console &2 : - =0
Mao consoles to display at this time,
Writable Smart Insert 1:1
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Install FRC 2015 Update Suite

= First, make sure you remove any old
_abVIEW or driver station code

= Run the update suite installer

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

» Installs the latest driver station and
smartDashboard
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ew Driver S

FRC Driver Station - Version 15.0

TeleOperated
Autonomous
Practice

Test
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Elapsed Time

=& PC Battery
PCCPU% B

Window

Team Station Red1

tation

Drive  Basic Custom Test Checklist Variables

Front

320x240 30fps 30%
L) 0 Mbps 0 fps

Camera Off v

Team #  xxyy

—= Clear Messages

Communications
Robot Code
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No Robot
Communication
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Set Team # in Preferences

= Preferences

type filter text

>

>

>
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General

Ant

CiC++
Changelog
Createrepo

Help
Install/Update
lava

Library Hower
Mylyn

Remote Systems
Run/Debug
Specfile Editor
Team

Terminal
Tracing

WPILib Preferences

WPILib Preferences

A preference page for changing all workspace level settings.

Tearmn Mumber: 114

Tools Version:

"] Auto Update Tools Version
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Creating A Project

= Eclipse collects all of the files related to
building a piece of code into a subdirectory
called a project folder

» I's normally stored in your C:\user account

* You can put the project elsewhere when you open
Eclipse

" You can also import and export projects

» This allows you to create a .zip of the project for
archival purposes

= To create a new project use:
» File->New->Project and select WPILIib Project
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New Project -- Simple Robot

o Mew Project ?@

Select a wizard —
= = [E ][]
Wizards: Create New Robot C++ Project
€3 Project name must be specified
+ = General
= CfC++ Project Mame:
v [ rd C t .
l_; C:fE; =reRe Project Type
LI P
. B Java Command-Based Robot: A robot project that allows robots to be implemented using
l_;/ @ the command based model to allow complex functionality to be developed from
> = RPM simpler functionality.
+ = Tracing

- Iterative Robot: A robot project that allows robots to be implemented in an iterative

4 = WPILib Robot C++ Development ~ MEMNEr.

Eanple R':'b':'t_o')' T -~ sample Robot: A robot project used for small sample programs or for highly
Robot C++ Project ~ advanced programs with more complete control over program flow

¢ = WPILib Robet Java Development
Simulation World:  fusr/share/fresim/worlds/GearsBotDermao.world

':?_-:' < Back Mext = Finish
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ew Project Result

roject orer obot.c a- 1
LDPJ F_Xp| &3 = B8 Rob ppEZS = 7H gosg ** = H
=| <‘}===>| & v : #include "WPILib.h™ - P EER S e %
[ ; -
“ iig In:erzlltwe. 3= class Robot: public IterativeRobot ~
» 3%, Binaries a i = WPILib.h
> [ Includes 5 private: 4 & Robot
» = Debug 6 LivelWindow *1w; o
5 g lw: LiveWindow®
4 src ’ - .
& [ Robot.cpp & gE void RobotInit() @ Robotlnit() : void
~ WSS L g B Autonomouslnit()
bufld.propemes 10 lw = LiveWindow::GetInstance(); ® AutonomousPeriod
?Ebulld.xml - } m  Teleoplnit) : void
a3 void AutonomousInit() - m  TeleopPeriodic() : v
14 { T m  TestPericdic() : void
15 @ main(): int
16 }
&g void AutonomousPeriodic()
19 {
21 }
23 void TeleopInit()
24 {
25
26 }
Eekiie void TeleopPeriodic()
29
2 {
38
31 }
32 &
« P ] 1 3

& Console 2 B EE-& 8- 0

CDT Build Console [Interative]

arm-frc-linux-gnueabi-g++ -std=c++ly "-IC:\\Users\\mike/wpilib/ecpp/current/include” "-IC:\\Users\\mike\\wo *
arm-frc-linux-gnueabi-g++ "-LC:\\Users\\mike/wpilib/cpp/current/1ib" -Wl,-rpath,/opt/GenICam_v2_3/bin/Linu
c:/fre/bin/. . /lib/gee/arm-fre-linux-gnueabi/4.9.1/../.. /.. /.. farm-frc-1linux-gnueabi/bin/ld.exe: warning: 1

m

23:42:43 Build Finished (tock 65.427ms)
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Build the Project

= Eclipse will default
to building the
project automatically

= However, you can
clean and build the
project manually

= Use the Project
menu to configure

the auto-build
feature
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Delete

Ctrl+ Alt+ Shift+ Down

EA

k

F2

F5
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Deploying to the Target

= \When the code is built, you
can select Run As->WPILib C++ Deploy

Debug As b |-|-+ -std=c++1ly "-IC:%\\Usersi\mike/w)
Run As b | [£] 1Local C/C++ Application b
Compare With b 2 WPILib C++ Deploy
Restore from Local History... 2 3 WPILib C++ Simulation

%& LT B B S ST Run Cenfigurations...

= This will open an SFTP connection to the
RoboRIO (as "admin®) and copy the application to
the file system

= The application will then start running
» Waiting for the driver station
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Debugging Code

= The project is usually automatically created
with debugging enabled

= Select Debug As->WPILib C++ Deploy

= The Eclipse will automatically switch to the
Debug perspective

= You can then set breakpoints

= Once the driver station enables the
application, your debug session will begin
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The Eclipse Debug Perspective

& Debug - Getting Started/src/Robot.cpp - Eclipse EI@
File Edit Source Refactor Mavigate Search Project WPILib Run  Window Help
To FERS S HE R T O RIB GO A e e
Quick Access ﬁl Bg C/C++ & Java
#5 Debug 53 | = ¥ = 8 | 0= Variables 53 £ =5 = | | Ched ¥ = O
4 F
[ Robot.cpp 22 = O g% Outline &2 = 0
1 #include "WPTLib.h" - SHETE IR R
< ™ - -~
3= class Robot: public IterativeRobot = ol WPILib.h
4 { 3 a4 (3 FRobot
5 o myRobot: RobotDrive
B RobotDrive myRobot; // robot drive system o stick: Joystick
7 Joystick stick; // only jowstick o Iw: LiveWindow®
8 LiveWindow *lw; . 3
9 int autoLoopCounter; o auteloopCounter: int =
18 @ Robot()
11 public: E Robotlnit() : void
12 Robot() E  AutenomousInit() : void
13 myRobot(@, 1), these must be initialized in the same order E AutonomousPeriodic() : void
14 stick(e), !/ as they are declared above. . .
15 Iw(NULL), m  Teleoplnit() : void
16 autoloopCounter(@) - B TeleopPeriodic() : void -
4 ) <« [ i o *
E] Console &2 : ~B~-=08
Mo consoles to display at this time.
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The Debug Windows

frow © - =D O--

a % buildxml (93) [Ant Build]
g C\Program Files (x86)\Java\jreM\bin\javaw.exe (Aug 7, 2014, 3:54:47 PM)
4 CPPProj Debug [C/C++ Remote Application]
4 (F¢ FRCUserProgram
u# Thread [1] (Running : User Request)
s Remote Shell

p'_. gdh

vold Antonomons (vaid)

{
LLEL, myRobot . SetSafetyEnabled (false) ;
myRobot.Drive (-0.5, 0.0); / drive forwards half
Wait(2.0): for 2 =seconds
myRobot.Drive (0.0, 0.0): S/ atop robot
¥

Bd=Varia &2 . 00 Regis | 59 Expre| [ Mem | T Persp

L]

im
m
[

= B8

B S| [fe 7

Mame Type
B this struct RobotDemo *
/> [ SimpleRobc struct SimpleRobot
. [* myRobot  struct RobotDrive
. [ stick struct Joystick
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00280 CEFS
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002800030
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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 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
" The rewards include:
» Faster operation of the robot
» Fine-grain control of the robot’s behavior
» The ability to leverage native Linux facilities
» Taking a step towards future full employment ©
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