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1) What is a 2CAN?

A 2CAN is an embedded device that allows teams to use CAN
(Controller Area Network) devices on the FIRST cRIO based
control system. The intent is to provide a CAN solution to FIRST
robotics teams without having to implement expensive or
complicated solutions. 2CAN is a great solution for quickly using
CAN devices like the Jaguar speed controller. Teams interested in
learning the finer details of CAN, or communicating with custom
CAN modules will also benefit from the 2CAN.

2) What can you do with the 2CAN

The 2CAN can be used to control speed controllers such as the
Jaguar using CAN. The 2CAN supports enabling and configuring
voltage, current, position, and velocity modes of the Jaguar.
Additionally the 2CAN can also flash the Jaguar’s firmware with
the latest version. Jaguar IDs can also be set using the 2CAN.

The 2CAN also provides a means for the cRIO to transmit and
receive custom CAN frames to interact manually with unsupported
devices. This allows teams to add other devices to the CAN bus
and even design their own CAN nodes!

The 2CAN also provides a web host dashboard that reports
information on all of the Jaguars on the CAN bus. Information
such as voltage, current, temperature, faults, etc... are displayed
in an easy to read webpage accessible to any laptop connected to
the Ethernet bus. This allows teams to perform quick diagnostics
on their motor controllers and also debug hardware issues.




3) Block Diagram

10/100
Fthernet

35 )
Port 2

Web

Camera

10/100
Fthernet

) =
Port 1

Wireless

Bridge

Using 2CAN on port 2.

2CAN

CAN

o

—

111

Using 2CAN on port 1.

2CAN

CAN

&

111

Jaguar

S

GPIO,
Sensors

.
Custom

CAN Node

~— @

Jaguar

S

GPIO,
Sensors

)
Custom

CAN Node

~— @@




4) Features

Two 10/100 Mbps Ethernet ports with integrated switch

Each Ethernet port supports auto-MDIX — use straight through or
cross over cables

Low impedance reverse battery protection

Power, CAN and both Ethernet ports ESD protected using PESD
technology

Multicolor LED for indicating status

1 CAN channel, bit rate software selectable up to 1Mbps
Selectable 120 ohm bus termination resistor

Ability to restore default factory settings

Robust Boot loader with firmware corruption protection

2CAN Dashboard real-time web host allowing users to view
multiple devices on the CAN bus simultaneously.

Set jaguar IDs anytime, anywhere, any laptop.

User assignable text descriptions of each CAN ID — great for Pit
Crew!

Wind River C++ Driver
(available at FIRST Forge http://firstforge.wpi.edu)

Java Driver (available at FIRST Forge http://firstforge.wpi.edu)

LabView VI (available at FIRST Forge http:/firstforge.wpi.edu)




5) Upcoming features

Set Jaguar modes and PID gains “on the fly” through the
webpage.

Supporting plotting PID signals in Web Dashboard (Position,
velocity, error).

Reflashing 2CAN firmware through the web page without flash
utility.

Allow teams to load custom Java Applets into the web server.
Implement a web proxy to allow teams to use the web dashboard

wireless when 2CAN is on cRIO Ethernet port 2. This is explained
in (8) PC Ethernet Settings.

6) Connecting Power

The 2CAN requires an input voltage between 6.5 and 28 volts DC.
Positive voltage should be applied to the red wire and negative
supply voltage should be connected to the black and bare drain
wire.

Negative

S

Positive




7) Wiring CAN

The CAN connector on the 2CAN is a 6 place 4 contact connector
(6p4c). Although there are four contacts, only 2 wires are needed
for CAN communication, CAN High and CAN Low. The cable
should be wired as a pass through connecting pin 1 to pin 1, pin 2
to pin 2... When wired correctly the tabs of the connector should
line up in opposing directions with the tab down on one connector
and the tab up on the other as illustrated in the diagram below.

- il

Pin 1 — Vbus (user supplied)

Pin 2 — CAN High

Pin 3 — CAN Low

Pin 4 — Ground (common to the 2CAN)

8) CAN Termination Resistor

CAN requires a 120 ohm termination resistor on each end of the
CAN Bus. The 2CAN has an internal 120 ohm resistor as
described in section 8, Jumper configurations. The second
resistor needs to be placed at the end of the Bus. If you are using
Jaguar speed controllers, this can be accomplished by inserting a
120 ohm resistor between the two inner most pins (CAN high and
CAN Low) of an RJ11 or RJ12 connector. Pins 2 and 3
respectively.




9) Jumper Configurations

The 2CAN contains an internal jumper that is used to enable one
of the two 120 ohm termination resistors required for CAN
communication. By default this jumper is enabled so normally
there is no need to modify the jumper arrangement.

10) Load Factory Defaults

This jumper can also be used to regress the IP settings. In order
to access the jumper the 2CAN must be removed from its
enclosure. This can be accomplished by inserting a small flat
head screwdriver between the board edge and the enclosure on
the CAN side of the device. After inserting the screw driver gentle
pry the board using only the tip of the screwdriver. After the board
is lifted slightly push the grey power cable into the enclosure as
the Ethernet connectors are slid out of place. To reassemble the
device, reverse the above process by inserting the gray power
cable (if it has been completely removed) first and then the
Ethernet side of the board. Use your thumb to gently flex the
enclosure on the CAN side of the board while pulling the gray
power cable away from the enclosure. This process is
inconvenient by design to avoid accidental regression so DO NOT
FORGET YOUR IP SETTINGS. A good practice would be to label
the 2CAN with your IP settings.







The 2CAN is equipped with an internal 120 ohm termination resistor.
This resistor is user selectable by either removing or placing the
internal jumper across pin 6 and pin 8. The termination resistor is in
place when the jumper is in place (default from factory).
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The internal jumper can also be configured to regress all of the IP
settings back to original factory settings by placing it across pin 5 and
7. The 120 ohm resistor jumper may be used for this. A power cycle
is required once the jumper is in place. The jumper must be replaced
across pin 6 and 8 after regression is complete. For more information
on regression see the section on loading factory defaults.

IP:10.0.0.10
SUBNET: 255.0.0.0
DEFAULT GATEWAY: 10.0.0.1




11) PC Ethernet Settings

To communicate with the 2CAN you may
need to modify your computer’s IP settings.
The 2CAN'’s default IP is 10.0.0.10.

If the PC’s IP settings are set as specified in
the FIRST Section 5 Document — Control
System Configuration, then the PC will also be able to interact with
the 2CAN.
These settings are...

IP:10.XX.YY.06

Subnet 255.0.0.0

Gateway (not necessary for 2CAN) 10.XX.YY.4

Where XXYY is your team number.

When you first get your 2CAN it will be important that the subnet of
your PC is 255.0.0.0 and not 255.255.255.0. This is so that your PC
can talk to any Ethernet device as long as the first octet matches your
subnet, i.e. the first number is a 10.




12) Updating 2CAN Firmware

Before using your 2CAN you should always check to see if new

firmware is available.
Latest firmware, and the 2CAN Firmware Utility, can be found at

WWwWWw.crosstheroadelectronics.com

After installing the 2CAN Firmware Ultility, run
2CANFirmwareUtility.exe

~ 2CAN Firmware Utility (=13
Search for 2C4Ns
IP Firrnware Status Bootl... Man Rev  ManC Select firmware fils [CRF)
10.0.0.10 1.0 Running 1.1 13 1212,
| | ’ Browse
Flash Firmware

< | @

Success.

Ensure that the IP Settings for the PC are correct (previous
section) and press the “Search for 2CANs” button. The 2CAN will

initially have an IP of 10.0.0.10.

To flash new firmware select the 2CAN entry in the left grid...

= 2CAN Firmware Utility

[ Search for 2CAMs l

Firrware Status Bootlo... kan Rev

10.0.0.10 TI




Then press the browse button to select firmware file.

The firmware utility will have default firmware in directory where
the utility was installed. However the latest firmware should be
retrieved from www.crosstheroadelectronics.com

Open

iy Recent
Documents

My Documents

2

ty Conmputer

™

ty Metworlk

Flash Fimware | Settings

Select firnware file [CRF]

| o

Flazh Firrnware

Lock in: | () 2CAN Firmware Uity O
File narne: |2C&N_Firmware_1_[l.crf L | [ Open ]
Files of bype: |Firmware filez [CRF) v! [ Cancel ]




Finally press the flash firmware button to reflash the 2CAN with
selected firmware.

* 2CAN Firmware Utility H[=1E3
Search for 204Ns Flash Firmware | Settings
P Firrware Statuz Boote..  ManRev  Man[ Select firmware file [CRF]
10.0.010 1.0 Running 1.1 13 12112

|C: “Program Files\Cross The Road Electronicsh2C | [ Browsze

< |

| »

Success.




13) Setting Team Number/IP

In order for the 2CAN to be legal it must be used on cRIO
Ethernet port 2. However, for testing purposes it may be
advantageous to use Ethernet port 1 as it allows wireless access
to the web dashboard. Future firmware releases will allow
wireless access to the 2CANs web interface when connected to
port 2 of the cRIO.

See (2) Block Diagram for how to connect to either cRIO Ethernet
port.

Each port on the cRIO has a different subnet.

Port Number Subnet
1 10.XX.YY.0
2 192.168.0.0

For the 2CAN to function on port 2 it must have an IP address in
the format 192.168.0.XX, where XX can be any value 0-254, so
long as it does not conflict with other Ethernet devices also on port
2 (like the camera).

To use the 2CAN on port 1 the IP address must be set using the
team’s number.

The IP is set as follows : 10.XX.YY.10 where XX is the upper 2
digits of the team number and YY are the bottom digits.

Example Team Numbers IP

1 10.0.1.10
12 10.0.12.10
123 10.1.23.10

1234 10.12.34.10




Setting the team number (2CAN IP) can be done two ways. The
firmware utility can be used to set the IP Address.

-~ ® ags | T 1\
2CAN Firmware Utility HE|E|
Search for 204N s | Flagh Firmwaré-! Settings
IP Firrmware Status
1021810 15 R @RI EdEmetEat]
Teamn Nurmber : !_21_51 :_!
) cRIO Ethemet Part 2
) Custom P
[
Send Settings J [ Drefault Settings
£ I 3
Success. Version 1.1.0,0 ¢

The web host also provides a means of setting the IP address.
Click on the “Network Configuration” link on the menu bar on the
left.

2CAN Conflguration
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14) 2CAN Web Dashboard
The 2CAN Web Dashboard displays real-time information
retrieved from CAN bus. This can even be viewed while driving
your robot, if the 2CAN is on port 1. To view the Web Dashboard
type the IP address of the 2CAN into your web browser while your
PC is connected to the 2CAN (either directly or through the robot’s
router/gateway).
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Web dashboard should function in any modern web browser. Each
firmware release is formerly tested against Internet Explorer 8,
Mozilla Firefox 3.5, and Google Chrome 3.0.

Javascript must be enabled in the browser. Additionally, the Jaguar
Firmware applet requires Java 6 (1.6.0_17 or greater).




15) Updating Jaguar Firmware

The 2CAN can be used to reflash Jaguar firmware by clicking on
“Jaguar Update” hyperlink on the left menu bar. By adding Jaguar
IDs to the table you can poll for firmware versions of several Jaguars.
This allows you to quickly determine if all Jaguars have the latest
legal firmware.

R Cross The Road Elect
.

tronics. .. +
LB LR R it //10.0. 1. 10/Upload.hitm P O F-

FIRST Robotics Softw... USFIRST.org  NW FIRST Robatics Reso... €3 FIRST Forge : Welcome | B cth 5

Main

Jaguar Firmware Update

Descriptions

Network Add IDs to the table. |3+ | Add, Add All, Remove all,
Configuration

ID Firmware Version Description

Jaguar Update

1 85 Left Drive Select Remove

2 85 Right Drive Select Remove

Jaguar Firmware Utility v1.4

Bin File : |C:1.Documents and Setlings\ozrienIDesKlomqs—bdc.bin|
Jaguar ID : | 1|Z|' | Flash Jaguar |

Version: 1.5
Build Date: Jan 17 2010 21:42:52

The Jaguar Firmware Utility Java Applet beneath the table can be
used to reflash a particular Jaguar. First select which Jaguar by
either clicking the “Select” hyperlink in the table, or select the Jaguar
ID from the drop down box in the applet. Then press “Browse” and
navigate to the BIN file holding the Jaguar Firmware. Then press
“Flash Jaguar”. It should take approximately 2-4 second to flash
Firmware onto a Jaguar.




16) Using the 2CAN with WindRiver C++/Java/Labview

In order to use the 2CAN you must add a plugin to the cRIO’s ftp
server. This procedure is identical to adding the BlackJaguar
Plugin. The plug-in can be downloaded at
www.crosstheroadelectronics.com and will also be available at
FIRST Forge.

The plug-in is a single file (FRC_2CANPIlugln.out). First connect
to the ftp server on your cRIO by entering its IP address into your
browser with the ftp prefix (fip://10.XX.YY.2). Then navigate to the

ni-rt directory, then system directory

File Edit Miew Faworites Tools  Help ff
Q Back - </ _ ‘ﬁ" P’ ) search i Folders :'E:F L'j'f-' x E’ -

Address | (8] ftpiff10.2.18.2/ni-rtfsystem/ v | ] co
Mame Size | Twpe Modified £

@12142130182009 0 bytes  File 1/17/2010 6:19 PM

= canfig.cdf 18.7KE CDF File 11712010 6:19 PM

config.old 0 bytes QLD File 1/17/2010 6:19 PM

criosd. out 357 KB QUT File 1/17/2010 6:19 PM 1

=) debug.o 25TKE O File 1/17/2010 6:19 PM

[Z] errlog.bxt 5.71 KB Text Document 1/18/2010 12:04 AM

fmllFRT 2CANPlugn, out 35TKE  OUT File 1/18/2010 12:07 &M |

@ FRC_FPGA,ouk 130KE QUT File 1/17/2010 6:19 PM

@ FRC_FPGA_inwvariant., bit 936 KE BIT File 1/17/2010 6:19 PM

FRC_FPaA_runtinie, bit 936 KE BIT File 1/17/2010 6:19 PM

FRC_MetwarkCommunication. . .. 108 KE OUT File 1172010 6:19 PM

FRC_IlserProgram,out 371 ME  QUT File 1/18/2010 3:19 AM

ftpserve,out 50.6 KB QUT File 1/17/2010 6:19 PM

libexpat. out 71.9KE ©UT File 1/17/2010 6:19 PM

@ libicore out 52.6KE ©UT File 1/17/2010 6:19 PM

@ [valarms, ouk 109KE QUT File 1/17/2010 6:19 PM el |

ser: Anomymous 6 Internet

It's here that you should place FRC_2CANPIuglin.out.




Then navigate back to ftp://10.XX.YY.2/. Here we need to modify
ni-rt.ini so that the cRIO invokes the plug-in. This is done by
adding “FRC_2CANPIuglIn.out” to the startup dll list.

File  Edit  View

Favorites  Tools  Help

El inskall. kbt T.78KE  Text Document 1/17/2010 6:20 PM
.@j load_out. bt 367 bytes  Tewxt Document 111812010 7123 AM
3 2,18KE Configuration Settings  1f17/2010 7:56 PM
niwebserver, conf 35 bytes  COMF File 1172010 6:19 PM
persist,pal 0 bytes Palette File 111702010 6:19 PM

™
l:'

& 2 1 ) 5 B s
Q Back > | 'ﬁh p Search || Falders | |2l | 3¢ x E’
Address | (@ ftp:jf10.2.18.2f ¥ led So
Marne Size | Type Modified
()it File Falder 1/17/2010 6:19 PM
[ikmp File Folder 1/18/2010 3:31 AM
01061634362010 0 bytes  File 1117/20106:19 PM
11031747 252009 0 bytes  File 111702010 6:19 PM
11031747302009 0bytes  File 11712010 6:19 PM
11031748002009 0bytes  File 11712010 6:19 PM
@ 12111437502009 0bytes  File 11172010 6:19 PM
_;:]rFRC_Image'-.-'ersiu:un.ini 1582 bytes  Configuration Settings 171702010 6;20 PM

@ Internet

User: Anonymaus

Copy out ni-rt.ini to your computer and open it in a text editor.

Find the line beginning with StartupDlls and include
FRC_2CANPIuglin.out in the list. Be sure to add the out file so that
it is immediately after “FRC_NetworkCommunication.out”:

Before...

StartupDlis= ...;FRC_NetworkCommunication.out; ... ;

After...

StartupDlis= ...;FRC_NetworkCommunication.out;FRC_2CANPIlugin.out;...;

Now when the cRIO boots it will load the plugin, which will
automatically find the 2CAN regardless of which port it's on. Again
be sure that the IP Address of the 2CAN is correct, 10.XX.YY.10
for port 1 and 192.168.0.XX for port 2.




Once the plugin is installed you should be able to use the example
C++/Java/Labview examples on FIRST Forge.
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17) LED States

LED

Description

Blink

Device is in bootloader.
See updating firmware (Section 12).

/Green Blink

2CAN has loaded factory defaults, pull jumper for normal
functionality (Section 10).

Red Blink

2CAN firmware (v1.06 or greater) is running and there is no
Ethernet communication. Make sure FRC_2CANPIlugin is loaded in
robot. Note that using Web Dashboard will not make 2CAN leave
this state.

Solid

The FRC_2CANPIlugin has been loaded successfully and is
communicating with the 2CAN. The 2CAN will enter this state if the
robot is disabled and user code is not sending CAN frames (not
requesting/setting parameters over CAN).

Green Blink

Robot is successfully communicating with 2CAN.

FRC_2CANPIlugin is transmitting CAN frames.

Robot is enabled and/or user code is requesting/setting parameters
over CAN.

Green/Red Blink

Robot is successfully communicating with 2CAN.

FRC_2CANPIlugin is transmitting CAN frames.

Robot is enabled and/or user code is requesting/setting parameters
over CAN.

However there is a problem transmitting/receiving CAN frames.
Check the CAN cables and termination resistors.

Red/ Blink

Hardware failure, 2CAN has failed hardware test on booting.

Note that this information can also be viewed on the Main page

in Web Dashboard under “Status™.

Jaguar Status:

Add IDs to the table. |3 v Add, Add all, Remove all,

ID Throttle(®) Current(A) Temp{'C) Fault ¥YBus{¥) Description

1 0.00 0.00 25.53 11.49 Remove
2 0.00 0.00 34.53 11.33 Remove
Status:

Page Update Count: 9652
Rx Packets: 11514
Dropped Rx Packets: O
Tx Packets: O




18) Revision History

Rev 1.3

— Changes to Section 17 for latest firmware (1.06).
— Fixed date in header and footer.

Rev 1.2
— Changes to Section 16 for latest out file (1.0.0.0).

Rev 1.1
— Various changes for 2010 FIRST Robot Season Rules.

Rev 1.0
— Initial Release.




