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Abstract - When we have a CAN network with several nodes
that need to interact with each other, it is important to see
their configuration, and so we need a tool that enable us to
change/lupdate the list of messages that are
consumed/produced in each of those nodes in a quick and
easy way. For that purpose,, in this paper we will discuss the
implementation of our CAN XML Database program, that is
a software that save the nodes configuration and enable the
user to change/update/find and delete the configuration in
each node.

Theinformation issaved in a XML file..

|. INTRODUCTION

When we have a CAN network with several nodes that
interact with each other, it is important to hawedtware
that enable the user to save the nodes configaratid to
change/update/find and delete those configurationa
easy and quick way. To obtain this message’s
configurations from the CAN network, we connect the
computer serial port to the CAN network serial parid
with the interface created we can read the message’
Another useful addition to the program is the cadlfighnf
showing the content of the XML file in the softwas®
that the user doesn't need to open the XML filehvifie
internet explorer.

Our intent was to create a tool, with an intuitive
graphical interface so that the use of the softwardd be
the easiest as possible. To accomplish this taskas
decided to use Visual Basic 6.0, and determinefidhes
that compose each message that configures the node.

Il. AN OVERVIEW OFCAN [3]

CAN (Controller Area Network) [1] is a serial bus
system, which was originally developed for autonmti
applications in the early 1980's. The CAN protoaals
internationally standardized in 1993 as 1SO 118%hd
comprises the data link layer of the seven lay€/(3SI
reference model. CAN, which is by now availablenfro

The equivalent of the CAN protocol in human
communication are e.g. the Latin characters. Thgams a
CAN controller is comparable to a printer or a tyyréer.
CAN users still have to define the language/gramamat
the words/vocabulary to communicate.

A. CAN features

A multi-master hierarchy, which allows building
intelligent and redundant systems. If one network
node is defective the network is still able to
operate.

Broadcast communication. A sender of
information transmits to all devices on the bus.
All receiving devices read the message and then
decide if it is relevant to them. This guarantees
data integrity as all devices in the system use the
same information.

Sophisticated error detecting mechanisms and re-
transmission of faulty messages. This also
guarantees data integrity.

CAN is a well designed communication bus to serdl an
receive short real-time control messages at spapd®
1Mbit/sec.

The CAN Network serial bus system is used in a droa
range of embedded as well as automation contrésyss
It usually links two or more micro-controller-based
physical devices.
The Original Equipment Manufacturers (OEM) design
embedded control systems; the end-user has no lgr on
some knowledge of the embedded network functioms an
is therefore not responsible for the CAN commundcat
system.

Opposed to that, automation control systems areifsge

by the end-user. The system design including théN CA
network services may be implemented by the endsuser
themselves or by a system house.

The main CAN application field include:

around 40 semiconductor manufacturers in hardware,

provides two communication services: the sendinga of
message (data frame transmission) and the reqgextia
message (remote transmission request, RTR). Akroth
services such as error signalling, automatic nestrassion

of erroneous frames are user-transparent, whicimsribat
the CAN chip automatically performs these services.

Passenger cars.
e Trucks and buses.

Off-highway and off-road vehicles.

Passenger and cargo trains.
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*  Maritime electronics. A CAN base frame message begins with the start bit
called "Start Of Frame (SOF)". This is followed the
» Aircraft and aerospace electronics. "Arbitration field" which consist of the identifieand the
. "Remote Transmission Request (RTR)" bit used to
* Factory automation. distinguish between the data frame and the dataestq

frame called remote frame. The following "Contrald"
contains the "IDentifier Extension (IDE)" bit to
distinguish between the CAN base frame[3] (A CANda
frame message begins with the start bit calledrt Spéd
Frame (SOF)", this is followed by the "Arbitratidield"
which consist of the identifier and the "Remote
«  Medical equipment and devices. Transmission Request (RTR)" bit used to distinguish
) ) between the data frame and the data request fraties c
Al nodes in the system receive every message emote frame. The following "Control field" contaithe
transmitted on the bus and will acknowledge if the pentifier Extension (IDE)" bit to distinguish beeen
message was properly received. Itis up to eack lothe  yho cAN base frame and the CAN extended frame edis w
system to decide whether the message receiveddsheul 5 the "Data Length Code (DLC)" used to indicate th
immediately discarded or kept to be processed. Ann mper of following data bytes in the "Data fieldf the
obvious benefit of this message based protocoh# t message is used as a remote frame, the DLC coritains
additional nodes can be added to the system witth®ut | \mber of requested data bytes. The "Data fieldlt th
necessity to reprogram all other nodes to recogthize follows is able to hold up to 8 data byte. The gty of
addition. This new node will start receiving messaffom the frame is guaranteed by the following "Cyclic
the network and, based on the message ID, decidtheh  poqundant Check (CRC)" sum. The "ACKnowledge
to process or discard the received information. Tbe (ACK) field" compromises the ACK slot and the ACK
(identifier) is represented as an 11 bit numbee Bhiority  yejimiter. The bit in the ACK slot is sent as aessive bit
of a message in CAN is defined by the identifieD)(I  5ng js overwritten as a dominant bit by those rexgsi
being this the most important part of CAN regardiegl-  \hich have at this time received the data correGityrrect

time performance. This protocol is a CSMA/CA, where messages are acknowledged by the receivers regamafie
CSMA stands for Carrier Sense Multiple Access ahdtW  ia result of the acceptance test. The end of tasaye is

this means is that every node on the network mesitor  jqicated by "End Of Frame (EOF)". The “Intermissio
the bus for a period of no activity before tryimgsend a
message on the bus (Carrier Sense). Also, onceehisd
of no activity occurs, every node on the bus hasaumal
opportunity to transmit a message (Multiple Acce3se

e Industrial machine control.
e Lifts and escalators.

* Building automation.

Frame Space (IFS)" is the minimum number of bits
separating consecutive messages. Unless anothemsta
starts transmitting, the bus remains idle aftes.yband the

> , CAN extended frame [3] (The difference between an
CA stands for Collision Avoidance. If two nodes B/ gytanded frame format message and a base framatform

network start transmitting at the same time a non-negsage is the length of the identifier used. TOebiP
destructive bitwise arbitration method is utilize@his identifier is made up of the 11-bit identifier (4m

means that messages remain intact after arbitraton
completed, even if collisions are detected.

All of this arbitration takes place without corriget or
delay of the higher priority message. In order upport
non-destructive bitwise arbitration logic stategado be
defined as dominant or recessive, and each tratimsgnit
node must monitor the state of the bus to seeeifldlgic
state it is trying to send actually appears onhilie CAN
network defines a logic bit 0 as dominant bit anlbgic
bit 1 as a recessive bit. A dominant bit state ailbays
win arbitration over a recessive bit state, thenrefthe
lower the value of the message ID the higher theripr
of the message.

identifier) and an 18-bit extension (“identifier
extension”). The distinction between CAN base frame
format and CAN extended frame format is made bgpgisi
the IDE bit, which is transmitted as dominant iseaf an
11-bit frame, and transmitted as recessive in oase29-
bit frame. As the two formats have to co-exist oe dus,
it is laid down which message has higher prioritythe
bus in the case of bus access collision with diffier
formats and the same identifier / base identifidre 11-
bit message always has priority over the 29-bitgags.
The extended format has some trade-offs: The liendg
time is longer (in minimum 20 bit-times), messages
extended format require more bandwidth (about 20 %)
and the error detection performance is lower (bgedhe
chosen polynomial for the 15-bit CRC is optimizext f
frame length up to 112 bits ), as well as the "Datagth
Code (DLC)" used to indicate the number of follogvin
data bytes in the "Data field". If the messageseduas a
Figure 1: Standard CAN Frame remote frame, the DLC contains the number of remdes
data bytes. The "Data field" that follows is alehbld up
to 8 data bytes.

Next we show in figure 1 the fields of the CAN fram
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The integrity of the frame is guaranteed by the
following "Cyclic Redundant Check (CRC)" sum. The
"Acknowledge (ACK) field" compromises the ACK slot
and the ACK delimiter. The bit in the ACK slot isrg as a
recessive bit and is overwritten as a dominanbypithose
receivers, which have at this time received theadat
correctly. Correct messages are acknowledged by the
receivers regardless of the result of the acceptdest.
The end of the message is indicated by "End Of Eram
(EOF)". The "Intermission Frame Space (IFS)" is the
minimum number of bits separating consecutive ngessa
Unless another station starts transmitting, therbugins
idle after this.

I1l. RATIONALE ABOUT XML

What is XML? [2]

* XML stands for KtensibleM arkupL anguage.

* XML is a markup language much like HTML.

» XML was designed to describe data

Because describing data is what this Databasé abalt
and given the XML flexibility, the file used can be
understandable by both humans and computers. This
allows one person, given only a basic text edimmyrite
the whole configuration table for the network.

Born with data transfer in mind and the fact tHaisi
completely open, instead of proprietary, easilydedde
and writable, makes it attractive to exchange dataveen
applications.

About the implementation of the configuration ifstle
choice of using the Visual Basic programming largpuss
supported by massification of the use of MS Wind@&;
permitting us to take advantage of using this ¢adgarn
graphical programming language.

A. XML Database functionality list:
The XML Database functionality is, allow the user t
change list variables, manage the database histosiert

variables and delete variables.

IV. INTERFACE

A Communication protocol

The need arise to define a communication protocol
between the CAN nodes and the configuration apjiica

Camm Part v
[rata bits .
Baud Rate -
Parity -
Stop Bits -
sdd | [ Cancel

Figure 2: RS232 configuration

B. Configurator list editor window

About
Add l Wiew/Delete ]

Add

Mode: |

|dentifier |

DLC: |

Operation: | j
Period: |

Deadline: |

Source | j

| Clear |

Mumber of Nodes

a
RS5-232 | Schedulability Analyzis
Goto Database Exit

Figure 3: Node configuration

The node configuration is done editing its confagion

The communication between the PC and the nodenis do list. In figure 3 is represented the tool screemewge can

via RS-232, see screen in figure 2. Having thisnind,
and bearing in mind that the time efficiency is aobig
issue here. Because the configuration applicatiteracts
with a human, we decided to establish a commumoicati
protocol that is all done in ASCIl because it leadsa
simplification of the processing and implementatidrihe
communications

see a counter for the number of nodes already ganeil
in the can bus. The “Go to Database” button allohes
user to see the content of the XML file without piogy
the internet explorer.



C. View/Delete Configuration

In the screen showed above (figure 4) the usemzie
the search of configuration of the node by the fifien of
the node. The results of the research will be shiomthe
“Edit Message” window. The buttons “Node Navigate”
make the search one by one in all the field of XhéL
Database file. The “Delete” button, deletes
configuration of the node that the user wants to.

the

Add

Wiew/Delete l

Find Mode
Mode: |

Mode Mavigate

R

Edit Meszage
Mode:

Identifier

DLC:

Operatian:

Period:

Deadline:

Source

|
Exit

Figure 4: Delete node Configuration

D. View XML Database file

& View/Edit Program Files
File

View XML File

WML Tres |

D:\Documentos portatih1? Semestie\RCAIProjecto\New Folder\Novo ProgramatCopy of $ML3\users.ml
<IBAML version="1.0"%>
=) aLthentication
= CANBUS
5 nodelD
i
=1 - identifier
orf
=i
z
= - aperation
Noimal
= - periodic
1
= - deadine

=l source
Produced

" Eipand Nodes 3| Loaded 3nodes

RefieshDaia |

Fetum Can Conflg_| Esi

Figure 5: View Database Content
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The tool screen above (figure 5) shows the way tiat
user sees the XML file without exiting from the kodere
the user see all the configurations in the tremfor

E. XML Database file

<TBAML wersion="1.0"7=
- <authentication=
- ZCAMNBUS=
zhodelD=fff< /nodelD=
<identifier=0ff</identifier:
dlc=2</dlcs
<operation=Normal</operationz
<periodic>1</periodic=
zdeadline=2</deadline:>
<source=Produced/sources
< CAMNBUS
< fauthenticationz

Figure 6: View XML file with Internet explorer

In the figure 6 we see the other way to view the IXM
file. We open the XML file that is in the prograrmnettory
with the internet explorer.

V. TOOL TESTS

The application was tested by the observation naetho
This method includes two users.

This method allows obtaining usability informatiofithe
system, observing the users interacting with tred &md
making tasks defined by the observator.

It was asked to two university students, possilgktesn
users that make some tasks.

Tasks to the users:

Configure 5 nodes
Configure RS-232 port
View node configuration
Delete node configuration
View database content
Exit Application

ok wpdpE

First user observation:

12 Task:

He have configured the five nodes without
problems, no error message has appeared becansgdre
tried to configure an already configured node.

22 Task:

He take sometime to understand that have some
values already defined, and only have to choosedsst
them.

3?2 Task:
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He has no problem so search the node and see itsin addition to this we also implemented a facility

configuration. allowing the the administrator can see the contérthe
XML Database file in the tool created by us withdiog
42 Task: need of open the XML file.

The delete operation was made successfully, but Schedulability analysis.is extepcted to be impleteeiin
has been confusion when the application has changedhe future
window.
52 Task:
He have see the database content, but have not REFERENCES
understand immediately that had a “Expand Nodetolmst
that shows the all content of the database.
62 Task:

" . 1 K. Pazul, “Controller Area Network (CAN) BasjcsMicrochi
No problem exiting from the application. t (CAN) Basle P

Technology Inc.,1999.

Second user observation:

12 Task:

He has configured the five nodes without
problems, but he tried to configure the same nade t
times by mistake, and it appears a message warning.

22 Task:

He take sometime to understand that have some
values already defined, and only have to choosedsst
them.

[2] James Britt, Teun Duynstee, “Professional Vidasic 6 XML”,
Wrox press

[31 © 2001 - 2005 CAN in Automation (CiA).

http://www.can-cia.org/can/

32 Task:

He has no problem so search the node and see its
configuration.

42 Task:

The delete operation was made successfully.

52 Task:

He has see the database content

62 Task:

No problem exiting from the application.

After the observations analysis has been verified the
options hidden and haveSarollBar to see this option is
not a very good option, but with some seconds of
observation the users could achieve their objestive

The application has a function that when a node
configuration is deleted, the application goes frdm
delete screen (Fig.4) to the messages configuratioeen
(Fig.3), this solution turn on the sensation onubker that
he is controlled by the system and not the inverse
situation.

There was no task to see the content of the XML by
editing this file with a text editor, or internetgorer, and
none of them as make the question about thatgihésus
the indication that the visualization that has been
implemented inside of the application was very well
accepted.

This test was made for Interface and human/computer
course, to evaluate the usability of the tool.

VI. CONCLUSIONS

The administrator can manipulate all the data mgfe
XML Database file, and save all the message node
configurations in the XML Database file and opeis file
with internet explorer, Microsoft word, etc.



