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What We’ll Talk About

= Goals

= Why C/C++7?
= The development environment
= Talking to the cRIO

= Making it move

= Resources

= Summary
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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

» It’s still the most predominant language in the embedded,
real-time operating system (RTOS) world

 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 VxWorks RTOS
» 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 textua

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

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

» The syntax is similar to Java, but it's definitely not
Java

= C/C++ has pointers
» Objects can be referenced in many different ways
» This concept can be too much for some developers
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Getting Your cRIO Ready

= Before you can start _
development, you'll
need to make sure that S—— )
your cRIO has the e
proper operating O e Tty
system image on it Frema el
» This is accomplished 1
using the cRIO imaging e v
tool
P Cowr ) [
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The Development Environment

" The FIRST provided platform is the Wind
River Systems Workbench tool
» IDE Is based on the open-source Eclipse tool

» The compiler is the open-source GNU compiler

 But, the front-end is licensed and requires a key
— Provided by FIRST

= The compiler is actually a cross-compiler

» We are building on an x86 for a PowerPC

« Again, this is a standard approach for commercial,
embedded development
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Development Environment #2

= \Workbench runs under Wino
» FIRST only supplies the Winc

= \Workbench runs under Wind
Windows 7 (2011 season)

ows and Linux
ows Installation

ows XP, Vista or

» You can also run it in a virtual machine

 For all you Mac OS/X and Linux

fans

» When you install it, there will be a key file that
needs to be placed in c:\windriver\license
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The WRS Workbench

® Application Development - SimpleTemplate/MyRobot.cpp - Wind River Workbench

File Edit Refactor Mavigate Search Project Analvze Target FIRST Rum  Window Help
FCi-E & @ i i -0 Q- By  FTONE v R e 5 |08 application ... | 7
|=F| File Mavigatar I Project Navigator 52 = B | [¢ MyRrobot.cpp £2 = O || 5= outline &2 =8
SR #include "WPILik.h" ~ L ® s e ¥
= 2010ImageDemo . ‘= include directives
£ BuikinDefaultCode + Thi i 4 homi h £ the BobotE N ® RobotDemo
ﬂ CAM_Jaguar_Test . = ]_'S = seme progra.m.s cwing = us= o = e C_' as_e GRS ) @ FRC_userClassFactory() @ RobotBase™
t‘g CANIaguarLib . zhe SlmpleRDb;toclass 12 the ?ase Efda 1:|:|1:||:|;:,1 ap]_:llj;cat:f.on that wil. ® FRC_UserProgram_StarbupLibraryInit()
- - - _ UCLOnomous an peratorControl methods at the right time as contro
H cam
bﬂ aguarPostlonModeT_est (Wlnd RS ety * the driwver =station or the field controls.
I CaAMlaguarSpeedTest (\Wind River YxwWorks 6.3 D vy
ﬂ CAMNIlaguarvoltageModeExample R .
ﬂ ) Cloe class FRobotDemo : public ZSimpleRobot
E:'EI IRSensor (Wwind River WxWorks 6.3 Downloadable i . .
ﬂ]agSpeedSync RobotDrive myRobot: // robot drive system
J tick stick: 1 ] tick
= b” SimpleTemplate (Wind River Yx\Works 6.3 Downlo: n¥Shick Stic 47 only joystic
i Build Targets (PPCEDGgNU - deb
ID'F_L X s ¢ anu - debug) public:
|=| .cproject -
roiect BRobhotDemo (void) :
If\lrr;akeﬁle myRokbot (1, 29, /4 these must be initialized in the same orde
"® Iwrproject stick(1) f4 as they are declared ahove.
El .
@ MyRobot.cpp t i R
e GetWatchdog () .SetExpiration(0.1)
bm Team_116_2010 {Wind River VxWorks 6.3 Downle ¥
:;:51 Team_116_2010_pre-6-24 (Wind River Wx\Works g -
* Driwve left & right motors for Z seconds then stop
i
8 remote Systems 53 M Kernel Objects | — 8 void Autonomous (void)
{
=
GetWatchdog () .5etEnabled (false) ;
ISR S, | &4 = <)===> myFokbot .Drive (0.5, 0.0): /4 drive forwards half speed
= E>Loca| Wait(z.0): i for Z seconds
‘EnLocaIFiles wyRobot .Drive (0.0, 0.0); /4 stop robot
G Local shells ¥
=% Wind River Registries , 2
. T =
} (@ default (localhost) _ 1 > < 1 5
n‘% Waorkstx_10.1.16.2 {Wind River YaWwarks 6,30 = -
E Feeds @ Error Log | +% Tasks [SA Problems | =] Properties B8 Build Consale 52 El console <y Search System Yiewer Analysis = O
= v % |4 BRE T
< |
0¥ \Writable Smart Inserk 1:1 ITMof 104 ([
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Creating A Project

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

» It's normally stored under the
c:\windriver\workspace directory

* You can put the project elsewhere when you open the
workbench tool

" You can also import and export projects

» This allows you to create a .zip of the project for
archival purposes
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ew Project -- Simple Robot

® New Project

Select a wizard

Creates a new VxWorks downloadable kernel module sample project

Wizards:

|t\,f|:|e filker text |

® New Project Sample

= Desktop

== vaorks 6.
1B Wawarks Boot Loader | BSP Project
15 waewwarks Downloadable Kernel Module Project
T4 waewworks Image Project

Sample Project Template

Select a sample project template.,

Available Examples:

B

Information:

15 wawarks Real Time Process Project
B waewarks ROMFS File Syskem Projeck
15 wawwarks Shared Library Project
== Examples
129 Mative Sample Project
ks
1B waewworks Real Time Process Sample Project

1= C++ Demaonstration Program

T=FFR.C 2010 Yision Demaonskration Program
=+FR.C Dashboard Data Example

1= FR.C Default Pragram (Current with imaging toal)
1=FFR.C Default Pragram (Original Fackary image)
T=FFR.C Driver Skation LCD Text

T=FFR.C Gyro sample program

T=FFR.C Sample Simple C Template

= FR n

= The

Downloadable Kernel Module Sample Project

Template

EBall Cemonstr akion Program
1=+ The C demo Demonstration Program

[ 5how all wizards.

1=F The Cobble Demonstration Program

1=F The Hello Warld Demanstration Program

1=F The Panel Demonstration Program

1=~ The TIPC Inventory Demonstration Program
1=FThe TIPC Performance Demonstrakion Program
1=FThe TIPC Test Suits

® (o

FRC Simple Robot Template

This program is the simplest sample program that
implements the Full Field control and shows the use of
the watchdog timer, This is an excellent skarting point
Far your programs,

This prograrm simply drives Forward For 2 seconds in the
Autonomous period and does simple arcade driving
during the Operator Conkrol period,

FRC C++-Introduction-11
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Finish Cancel ]

|
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New Project Result

[€] MyRobot.cpp 53 B sample txt
=
class RobotDemo : public SimpleRobot
{
RobotDrive myRohot; // robot drive system
Joyatick stick; // only Jjoystick

public:
RobotDemo (void) :
myRokbot (1, 2}, // these must ke initialized in the same order
stick(1l) /f a2 they are declared above.

GetWatchdoy () . SetExpiration(0.1);

ff'k*
* Driwve left & right motors for 2 seconds then stop
*

roid Autonomous (vroid)

{
GetWatchdog () . SetEnabled (false) ;

wyRobhot .Drive (0.5, 0.0} /F drive forwards half speed
Wait(z.0): £ for 2 seconds
myRobot .. Drive (0.0, O0.0); fF atop rohot
i
f‘k*
* Bunz the motors with arcade stesring.
w/

void OperatorControl (void)
{
GetWatchdog() . SetEnabled (true) ;
while (IsOperatorControl())
{
GetWatchdog() .Feed()
wyEobot . Arcadebrive (stick): // drive with arcade style (use right stick)
Wait (0.005); /¢ wait for = motor update time
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Build the Project

! Mew
1 Select Working Set...

Go Inka
| Open in Mew Window

= copy

¥ Delete
Mave...
Rename
Attributes
Project References

£2g Impart...
7 Export...

Index

= Build Project

M Rebuild Project

| Clean Project
Build Options

Run kernel Task. ..
f@, Debug Kernel Task, ..

| & | Refresh
] Close Project

Open Workbench Development shell,..

Run As
Debug As
Tearn
Carmpare \With

Restore from Local Hiskary, ..

Search

Properties
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Chrl+-C

Delete

Fz

Cbr+-Shift+A

FS

Chrl+H

Ale+Enker

*r v v ¥

Building Projects
\ir) Build Project

S TTTT )

building SimpleTemplate_partialimage/Debugf/Objects)SimpleTemplateMyRobot, o

IRun in Backgr-:uundl [ Cancel ] [ Details ==

E Feeds Eﬂ Ertor Log E, Tasks [3_\ Prablems | = Properties B9 Buid cansale 27 B Console fC,J'-' Search System Yiewer Analysis =0
= ] TE o

& - |§” "'| % 4 EBEL
Platform: Wind River Y<Works 6.3 A

Command: make --no-print-directory BUILD _SPEC=PPC603gnu DEBUG_MODE=1 TRACE=1
Working Directory: C:/windriver/workspace,/SimpleTemplate,/PPC603gnu
if [ 1 -d" dirname: "simpleTemplate_partiallmage/Debug/Objects/Simple Template MyRobak,o"™" T; then mldir -p " dirmame: “Simple Template_partiallmageDebog/Objects i
building SimpleTemplate_partiallmage,Debug,/Objects/SimpleTemplate,MyRobot.o
if [ 1-d" dirname "simpleTemplate_partiallmage/Debug/SimpleTemplate_partialimage.o" ™" ; then mkdir -p " dirname "SimpleTemplate_partiallmage /Debug)SimpleTemplats
building SimpleTemplate_partiallmage,/Debug/SimpleTemplate_partiallmage.o
if [ 1-d" dirname "SimplaTemplate/Debug/SimpleTemplate, out" " 1; then mkdir -p " dirname "simpleTemplate/Debug)SimpleTemplate, out" " fi:echo “building SimpleTempla
building SimpleTemplate,/Debug,/Simple Template.out
make: buil targets of Cifwindriver fworkspace/SimpleTemplate/PRCE03gnU
Build Finished in Project 'SimpleTemplate”; 2010-11-19 18:52:44 (Elapsed Time: 00:03)
2
L4 b
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Attach to the Target

= Before you can load code to the robot, you
need to create a target connection

» This will also create a “target server” and
“registry” instance
" |t Is possible to have multiple users attached
to the same target

» Not recommended if you're both running robot
code though ;-)

U8 Remote Systems 572 = 0O

S S

|DeFine a conneckion ko remoke systeml
= E_? Local
& P
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Attach to the Target #2

Select Remote System Type
| Target Server Options

Review and customize the target server opkions,

Syskem type:
type fier text | Backend settings
== General Backend: |wu:|brpu: CESSOr: |(deFauIt fram target) | [ Select. .. ]
Ty FTP Only
B tinux Target name | IP aQdress: | 10.1.16.2 )| Part: I:l
El Local —
5 55H oty
Unix LIniz
8 windows
= weworks 6.x
W] vind Riv kernel image
\ (%) File: path From target (if available)

\ O =l
[(JBypass checksum comparisan

e m Cagce! Adwanced target server options

Verbose karget server output

Optians: | R fwindriver fworkspace -RW -BE 3 -4 w | [Edit. " ]
28 remate Systems 52 =0 Carnmand Line:
= tgtswr -4 -R C:fwindriver fworkspace -RMW -BE 3 -4 10.1.16.2
S &1
Connect || 5.
= E') Local
*EE, Local Files
T Local Shells @ < Back ” Mext = ] [ Finish ] l Cancel
= &g Wind River Registries
(g default {localhost) I

{Irﬁ Wiworksgx_10.1,16,2 {wind River <
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Attached Target

= Once the robot Is attached to the target server,
you'll see all of the tasks running on the target
In the "Remote Systems” window

= |f you create your own threads, they’ll show up
In the list as well
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Running Code

= |n order to run your robot code, you’ll need to have the target

attached

» You'll need to create a “run config”

% Debug kernel Task. ..
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Create, manage, and run configurations

Please connect target to change settings.

ExX B3

E ZfC++ Local Application
= Kernel Task
FRC_UserPrograr_StartupLibraryInit - SimpleTempl
2’/ Launch Control
] Mative Application
Process on Targek
RTP on Target

L

< |
Filter matched 7 of 7 items

|»

P
[+3)
o

@ Main

>

Mame: | FRC_UserProgram_StartuplibraryInit - SimpleTemplake. out - Woworksex_10.1.16.2 |

Zonneckion

Conneckion ko use: |'-p'><Work56x_10. 1.16.2 (localhost)

[#] Downloads | % Projects ta Build | B+ Source | B Comman

+ | []Hide unconnected
|

[Properties] [ Add. .. ] [ Connect ] YWaddarkse:_10.1.16.2 is nok connected.

Kernel Task ko Run

Entry Paink: | FRC_UserProgram_sStartuplibraryInik

| [Browse...]

I Fun

l [ Close

|
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Handling Unloading

= Workbench has the option to automatically
unload previously loaded code and replace it
with the new code

» Not the default behavior though

= There are a series of changes that need to be
made to the run configuration to support
automatic unloading
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Unload Settings

Create, manage, and run configurations ;é
F (=2 L
= = X = - Mame: | FRIC_IserProgram_StartuplibraryInit - SimpleTemplate, ouk - YxMWiorksex_10,1,16.2 |
L filker kext
| e = @ Main | [5] Downloads ** Projects to Build 'E?.,_// Source | = Comman
E C/C++ Local Application
= kKernel Task Downloads:
FRC_UserProgram_StartuplibraryInit - SimpleTemplate, out - WaxWorkse '
7% Launch Corntrol File Symbols | Reload | Options [ Add.. ]
[ Mative Application ; i
Process on Target
RTP on Target
. . 7 0y
Highlight and select "Edit
to get the next screen...
¢ | >
Filker matched 7 of 7 items
7 [ Run l [ Close ]

FRC C++-Introduction-19

EA- FRC Team #116



Unload Settings #2

® Advanced Download Options

Download: | ... JSimpleTemnplateDebug/Simple Template., ouk

w | | Browse, ,,

ta: |MPCS200 {YxWorkstx_10,1,16,2) v

Cipkions
Load Symbols to Debug Server
Cownload even when file nok modified

[ Advanced Oplions. .. l

] [ Cancel

Load Option

() load from target server,
(%) use auto-loading method {def ault),
() load from toal,

Comman Symbols Matching Strategy

(%) search both modules and core file For matching symbals (defaulty,
() always allocate, no symbol search.

() excclude core file from symbol search,

Symbiol Loading
() load global symbals only {default),

() load no symbals,
() load all symbals,
() load local symbals anly,

[ ] hide the module from dfwserver {default is to not hide the module),

[ Ino relocation is required {default is to relocate the module),
nu:ut unload the existing module {(default is unload),

[ ] manually call the C++ construckor {default is bo automatically call the C++ constructor),

J

| set Defadts | [ oK

]

Cancel

Change this setting to auto unload

FRC C++-Introduction-20
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Running Code on the Robot

= Once your code Is loaded, the entry point
(FRC_UserProgram StartupLibraryInit) Will

be called and your code will start running

» Make sure that your Classmate is attached and
you should be able to control the robot

= There is an option to disable the “STOP”
button on the Ul

» Use with caution...

" You can then test Autonomous or Teleop code
segments
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Disabling the Stop Button

! FRC Driver Station

Team # 116 Operation
Volts 12.18 USB Devices Communications
-  Joystick 1 *, Enet Link : ,
® Commanications e S = Click the LED and you'll get
: ® loystick 3 *_ Brid ;
® Stop Buiton o j::—:i::kq_ ) Rrulth a dla|Og that a”OWS you tO
® Stop Button )<« FiS disable the STOP button

Teleoperated THe :
) D5 ¥ersion 10.02.08.00
Disabled cRI0 Image C- 2010 w20

t4 FRC Driver Station
Team # 116 Operation Diagnostics Setup

Volts 12.18 User Messages
® Communications » Teleoperated Elapsed Time 0'088

® Robot Code - Autonomous
@ Stop Button ‘ Practice User Login Owner

Teleoperated PC Battery =
Enabled Team Station Red 1
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Debugging Code

e L4

Select Working Set... = In order to debug code, you'll need to create a debug launcher

= Check the debug option for automatically connect to spawned
Go Into taSkS

Qpen in Mew Window

=) Copy Chrl+C
® Debug @
¥ Delete Delsts Create, manage, and run configurations
Move... Please connect target to change settings.
Rename Fz
Attributes L4
N a5 = * El ik o
Project References L == i Name: | FRC_UserProgram_StartupLibraryInit - SimpleTemplate, out - YxMWorksex_10.1.16.2 |
kype filker bext -
£=g Impoart... | | ®hmain . B Downloads | ¥ Projects to Build | %5 Debug Options | &2 Source | B Comman
A @ Atkach o Target )
g Export.., Connection
E CIC++ Attach to Local Application
Index » E }C++ Local Application Connection ko use: |VxWork56><_ID. 1.16.2 (lacalhaosk) W | [JHide unconnected
** Build Project ChH+SHiFE+2 €I+ Postmortem dsbugger ’Properties] ’ add... ] ’ Connect ] WxWorksex_10.1.16.2 is not connected,
x =] Kernel Task
=l Rebuild Project FRC_UsetProgram_StarkuplibraryInit - SimpleTemplate,out - Yaworkss Kernel Task ta Run
| lean Project % Launch Control ) - -
Buid Options , Process on Target Entry Paint: | FRC_UserProgram_StartupLibr aryInit | [Browse... ]
RTP on Target | |
| |
& Run Kernel Task, .. | |
%, Debug Kernel Task...
& | Refresh F5
Close Project
Cipen workbench Development shell. ..
Run As L4
Debug As 4
Tean L4
Compare With 4
Restaore fram Local Histaory, . < | >
search Chrl+H Filter matched 20 of 20 items
Froperties Ale+Enter (@) [ Diebug ] ’ Close ]
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Attaching to Threads

= |n order to debug your iterative robot, you
need to make sure you automatically attach to
spawned tasks
» Otherwise you won't be able to debug the
autonomous/teleop code
" |n the debug launcher configuration, set the
auto attach feature in the debug configuration:

Marme: | FRC_UserProgram_StartupLibraryInit - SimpleTemplate, oot - Yaeworksae_10.1,16.2

Main | 8] Downloads | #% Projects to Build ﬁ Debug Options E.__// Source | E=] Common

Break on Enkry
Automatically attach spawned Eernel Tasks
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Debugging Code #2

= Once debugging as started, Workbench will

automatically switch to the debug perspective:

® Device Debug - SimpleTemplate/MyRobot.cpp - Wind River Workbench

File Edit Refactor MNavigate Search Project Analyze Target FIRST Rum ‘Window  Help

Joystick stick: // only joystick

public:
RobhotDemo (void) :
L wyRobot (1, 2), // these must be initialized in the sawe or
stick(l) /4 as they are declared shove.
{
GetWatchdog () .SetExpiration(0.1);
5 b
9 Breakpainks 52
ll."ﬂ'ﬁ‘
* Drive left & right motors for 2 seconds then stop " & = =
wf @ fSimpleTemplate/MyRobot, cpp:

woid Autonomous (void)
{

§% Vyorkséy_10.1.16.2 {Wind River Working Directory: C:/windriver /workspace;/SimpleTemplate/PPC603gnu
- make: built targets of C: fwindriverwarkspace/SimpleTemplate/PPCE03gnu
Build Finished in Project "SimpleTemplate": 2010-11-1919:02:51 (Elapsed Time: 00:01)
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FCi-EHe & i i B0 PSRy  FOE v G B B peviesDebug | 7
|.—[\3Project o # pebugs| = O || [€] MyRabat.cpp &2 sample. bxt =8 :#ﬁDebug = =8
=SR-S R o A =
H class RobotDemo @ public Z3impleRobot
= SimpleTemplate (Wind River YxWa { -<§" == i _ﬁ:
RobotDrive myRobot:; // robot drive system FRC_UserProgram_StartupLibraryInit—SimpleTempIate.out

hS > GetWatchdog () .SetEnabled (false] ;
ﬂﬁRemote Syskems 51 =5 myFobot . Drive (0.5, 0.0); £f drive forwards half speed
- Wait(z.0): i for Z seconds
myRobot .Drive (0.0, 0.0): Sf stop robot bt
S &] 3 )
2 Tasks | <& Terminal [3_\ Problems | = Properties Euild Console &2 El consale =0
2 BES
= o =) & ] = || 6= yariabl 3 W Regist | S Expres | [ Memor | T O
=] E" Local 2] =] b o | ;'_,—E =]
T Local Files Build Started in Project 'SimpleTemplate®: 2010-11-19 19:02:50 =k B | Y% Bl ea & =
G Lacal Shells Generation of makefiles started. —
T oy i o Generation of makefiles finished (Elapsed Time: 00:00).
-5 \{'V'“d River Registries Platform: Wind River YxWorks 6.3
@ default {ocalhost) Command: make --no-print-directory BUILD _SPEC=PPLC603gnu DEBUG_MODE=1 TRACE=1

>

=0

lmE g~
16
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Debugging Code #3

= By default, the code will stop at the public
constructor entry-point

" You can right-click in the code view “gutter” to
toggle a breakpoint
» Then tell the system to step or continue
= This is using the GDB debugger under the
covers

» If you understand GDB, you're in familiar territory
* If not, we'll show you some examples during the demo
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Deploying Code on the Robot

= Once you code Is working, you can deploy the
code to the robot

» Only one program can be resident at a time

Downloading to robot...

i) Downloading ko robat, ..

&4 = O] [€ MyRobot.cpp o
et *f

[Run in Eackgrn:nund” Cancel H Details == ]

" Once the code Is downloaded, you can reboot
the robot and your code will run!

» You can also do this with Filezilla (it's just FTP ©)
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Some Hints

= The environment for C++ can be a bit tricky to
deal with at first

» Especially if you want to use CAN bus
= For CAN bus, you need to use a Black Jaguar

and disable the standard console output on the
cRIO (or use the 2CAN Ethernet bridge)

» For the Black Jaguar, you need exclusive access to
the serial port

» Look on Chief Delphi for write-ups on CAN use
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Some Hints #2

= To make the serial console available while still
being able to monitor the cRIO console, load the
network console application to the target and run
the network console application on your host

» All of the console I/O of the cRIO comes across the
network now into a new window

= We'll give you a link to the network console

application in the links
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The Network Console

= Useful as an option to using the RS-232 port
on the cRIO

& NetConsole. vi

Machine Address ScreenBuffersize

10.1.16.2 32768

-» * Loading StartupDlls: debug
Entering debug.o StartuplLibraryInit
Debugging is up, target server mounted at /tsfs

UxzWorks
Copyright 1984-2886 Wind River Systems, Inc.

CPU: HMPC5288 -- Wind River LiteS288 BSP.
Runtime Hame: UxWorks
Runtime Version: 6.3
BSP version: 2.8/10
Created: Jul 29 2809, 13:-41:47
ED&R Policy Hode: Deployed
WDB Comm Type: WDB_COMH_END
WDB: Ready.

Leaving debug.o StartupLibrarylInit
* Loading StartupDlls: HiRioRpc

#* Loading StartupDlls: niorbs

* Loading StartupDlls: HiViSrwr

ExIT Clear Screen
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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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Important Links

= WPILib updates and documentation

» http://first.wpi.edu/FRC/frccupdates.html
» http://first.wpi.edu/Images/CMS/First/WPI_Robotics_Library_Users_Guide.pdf
» http://first.wpi.edu/Images/CMS/First/WPILibSource20100107.zip

» http://first.wpi.edu/Images/CMS/First/CProgrammingReference.chm
- doxygen - old

= Net console
» http://first.wpi.edu/Images/CMS/First/NetConsoleClient_1.0.0.4.zip

= FIRST software resource page

» http://www.usfirst.org/roboticsprograms/frc/content.aspx?id=1093
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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 abllity to leverage native VxWorks™ facilities

» Training in technigues that will enable most of the
“green” technology of the future
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