





Abstract

LabVIEW® is a widely used programming tool for creating graphical user interfaces. CAN is the
most common protocol for communication in cars. In this thesis the combination of the two is
studied.

This thesis documents the testing of the USB-8473s hardware for CAN-communication using
LabVIEW® as a programming tool. Drivers for the hardware were developed and standardized.
Also a graphical user interface with capabilities of diagnostics using the D2-protocol, graphical
monitoring of CAN-channels over time, logging CAN-traffic, basic CAN-communication as well as

a demo-mode for demonstrating the connection between a computer and the car have been
developed.

The graphical user interface was designed with a flexible structure that was event based, making it

easy to implement additional features. The report also covers the structure of the program and some
programming details.
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1 Introduction

1.1 Background
Today Infotiv is depending on the Vehicle Communication Tool, also known as the VCT, when they
want to communicate on the CAN, for instance when they want to run some diagnostics. One of the

disadvantages with the VCT is that it is quite clunky.

It connects through the serial port of the computer that the modern laptop often lack.

A flexible software that can be modified with ease and a hardware that is smaller and do not need a
serialport is preferred. The thesis started with a test implementation to check if the desired goals

where achievable.

1.2 Delimitations
The thesis is only compatible with Diagnostic II, also known as D2, and not compatible with GGD

because there was not enough of time. D2 is an older standard and GGD is used more frequently in

new cars.












The USB-8473s contains a controller for implementing the CAN protocol, as well as a transceiver

for acessing the physical bus.

2.2.1 Philips SJA1000

The Philips SJA1000 is a stand-alone controller for the Controller Area Network. It is CAN 2.0B
compatible, and supports both 11-bit and 29-bit identifiers. The circuit implements the CAN
protocol and has features such as a 64-byte FIFO receive buffer [3]. Figure 5 shows the package and

pinout for the circuit.
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Figure 5: Philips SJA1000

controller

2.2.2 Philips TJA 1041 Transceiver
To access the physcial bus, a Philips TJA1041 is used (see Figure 6). It is a High speed CAN

transceiver and is used as an interface between the protocol controller and the physical bus. When
operating in normal mode it is used for normal bidirectional CAN communication. The differential
analog bus signals on the pins CANH and CANL will be converted to digital data, which will be
available for output on the pin RXD. The transmitter part of the circuit converts digital data on pin
TXD into a differential analog signal for output on the bus pins [4].
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Figure 6: Philips

TJA1041 transceiver






2.4 D2 Protocol

To properly interpret the data in the CAN messages there need to be some rules and structures. One
of the methods available is the D2 protocol, or Diagnostic I1. The protocol determines the purpose
of the different bytes.

The first byte is called the format byte and it used to determine the type of message, size of the
data, number of frames etc. There are a lot of information stored in the format byte which the

program often uses to decide what to do with an incoming message.

'Bit #7-6 Bit #5-3 Bit #2-0

ifﬁrhber otrbytes or number gf B

First/last frame Type of message
frames or frame seq. number

“11”=Single frame “001” and “010”= diagnostic message | number of bytes

“001” and “010”= diagnostic message |number of frames is 111 = not

«“10”=First frame
specified

“00”=intermediate frame “001” and “010”= diagnostic message | frame sequence number

«017=last frame “001” and “010”= diagnostic message | number of bytes J

For example, if the message is a single frame,diagnostic message and the number of data bytes is
three the bit combination will be “1100 1011” which is “CB” in hexadecimal.

The second byte is called the ID byte, it is read from the database in the “ECU_ITEM” row. It is
called the” COMM_ADDRESS” and is represented in decimal and it need to be converted into
hexadecimal before sending the message.

“ECU_ITEM [NAME=DIM][SEND_ABLE=FALSE][NOTE=30682666 A Driver information
module CAN] [FUNC_ADDRESS=209] [PHYS ADDRESS=81] [COMM_ADDRESS=81]"

The third byte is called the Service byte and is located in the “SERVICE_ITEM” row in the
database. It is called “VALUE” in the database and does not need any conversion.

“SERVICE_ITEM [NAME=Read Current Data By Offset][SEND ABLE=FALSE][NOTE=]
[FORMAT=SIGNED_BYTE] [BASE=HEX] [VALUE=A5]

The fourth byte is called the ID and is found in the DIAG_ITEM row. It is called “VALUE” in the
database ‘

DIAG_ITEM [NAME=Total Fuel level (not damped)][SEND_ABLE=FALSE][NOTE=]
[FORMAT=OTHER:2] [BASE=HEX] [VALUE=01]

The fifth byte is called the mode byte and is located in the lower “DIAG_ITEM”. It is only used by
Read Current Data and Input Output Control.

DIAG_ITEM [NAME=Send the record once]{SEND_ABLE=TRUE][NOTE=]
[FORMAT=SIGNED BYTE] [BASE=HEX] [VALUE=01]

The sixth byte is called Mask and is often “FF” in hexadecimal.

The rest of the bytes contains the data.

































4.2 DHA

This tab is a remake of the program DHA, Diagnostic Host Application, and have a similar
functionality. DHA is a program that is used to read the CAN bus. With DHA it is possible to
interpret the data as it uses a database to correctly compute the correct units and values, the database
is called the DDB database and will be used by the LabVIEW program. With the aid of different
combo boxes the user can put together a message that will give a value to a node or request a
response. Constructing the message and interpreting the response requires a database file to be
accessed.

4.2.1 The DDB database

The information about the messages and interpretation of the responses is stored in a DDB database.
This section will try to explain the structure of the DDB database.

The database is indexed with blank spaces in a tree like manner. At the top there is the
“SYSTEM_ITEM?”, and indexed under the “SYSTEM_ITEM” lies the different “ECU_ITEM”:s,
The “ECU_ITEM”:s in their turn contains a “SERVICE_ITEM”:s and then indexed under each
“SERVICE_ITEM”:s lies “DIAG_ITEM”:s. The structure is illustrated below in Figure 24:

— DIAG_ITEM
SERVICE_ITEM
L DIAG_ITEM
— ECUITEM — DIAG_ITEM
SERVICE_|ITEM
L DIAG_ITEM
SYSTEM_ITEM
— DIAG_ITEM
SERVICE_|TEM
L DIAG_ITEM
L ECU ITEM
~ — DIAG_ITEM
SERVICE_|ITEM
L DIAG_ITEM

Figure 24: Database structure

The program constructs an array of the database that is indexed with columns, where two blank
spaces is represented with a column. This way it is easy to find the same categories as they are
indexed at the same column.

The “ECU_ITEM”:s are the different nodes in the database. It can represent a hardware like the
instrument panel for instance. Every node or “ECU_ITEM” has different “SERVICE_ITEM”:s that
has different tasks. Not all of the “SERVICE_ITEM”:s are used, here are the ones that the program
uses:
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Names in the database

Names in the front panel

Read Current Data By Offset

Read Record data

Write Data Block By Offset

Input Output Control

Input Output Control By Identifier

Input Output Control

Control Routine By Offset

Routine Offset

Read Data Block By Offset Read Block Offset
Read DTC Read DTC
Clear DTC Clear DTC

-

For instance the “SERVICE_ITEM” Read Current Data By Offset sends a requests message to a
node, the “SERVICE _ITEM” Write Data Block By Offset sends a message that will change a value
at the node. The “DIAG_ITEM”:s are very hardware specific which means that they vary a lot
depending of the “ECU_ITEM”:s. They often represents the different hardware of the ECU. It can
for example be an indicator for the vehicle speed or for the fuel level. The information about how to
interpret a response and the information about the vital parts of message to be sent is stored in the
“DIAG_ITEM”:s. The information varies depending in which “SYSTEM_ITEM?” the current

“DIAG_ITEM” is located.

Here are some examples of “DIAG_ITEM”:s from the DIM ECU:

Total fuel level
Engine coolant temperature value
Engine speed

19






4.2.3 Flowchart

The DHA-tab needs a database to function. The content of the database will be stored in an array
that will be indexed with an empty element for every two blank spaces in the database. This will
make it easy to find the items as they are in different columns. The array will also function as a
storage of additional information at column zero. At column zero the limits, message, current radio
button and other information are stored. After the array is created, the row numbers that the current
SERVICE_ITEM begins with is stored in the ECU-array, and so is the row number that the
SERVICE ITEM ends with, they are called the Service begin and Service end. The limits are
important because between the limits lies the actual “DIAG_ITEM”:s. The next step after the limits
of the “SERVICE_ITEM” are found, the program need the limits of each of the “DIAG_ITEM”:s
that lies in the current “SERVICE_ITEM”. The information in the “DIAG_ITEM”:s are vital for
interpreting responses and composing messages. When all the limits are found, the list in the front
panel can be updated. When the user has selected a “DIAG_ITEM” in the front panel a message
will be composed. Depending on what kind of message that was sent, the response can be

interpreted. The flowchart is illustrated in Figure 26.

START

Load database? H

| Read ECU, Create ECU-array, Find limits and update lists |

g

ECU_ITEM, Radio-button

or DIAG_ITEM change?
NQ

YES

[Update DIAG_ITEM Iist and create message|

=<2end butbon pushed?

| Send message |

[ Interpret

S0P
Figure 26: DHA flowchart
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4.2.4 Vital Sequences

In the DHA-tab there are several parts that need further explanation. More details on the second part
“Read ECU, Create ECU-array, Find limits and update lists” on the flowchart above will follow. It
correlates with some subVI:as. How the database is read and array is created and how the limits of
the “DIAG_ITEM”:s and “SERVICE_ITEM”:s are found will be explained in this section. The
flowchart is illustrated in Figure 27.

[ sTART |

YES

| ReadECU |

y

LUpdate ECU ltems list, dbb-array and ECU index

| CreateECUarray |

v

| Find SERVICE_ITEM limits |

;

| Find DIAG_ITEM limits |

y

L Update Diagltem list, ECU array and DiagitemLimit Amay

v
{ STOP ]
Figure 27: DHA vital sequences
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Send message

When the message is composed and the message has been sent, the next step will be to read the bus
to check if there is any response to the sent message. In the “read bus” VI, the composed message is
read from the ECU-array so the VI:a knows what response message to expect. This way it has a
string that it compares the messages on the bus with. If the string is equal to a message on the bus it
start to check if it is a single frame or a last frame, and if the message is one of these it will get the
relevant data by checking the format byte and then stop checking the bus for messages. If the
message is not a single frame or a last frame, then it is an intermediate frame and the VI will store
the bytes after an offset of two bytes. It will continue to do this until it encounters a last frame. All
the data bytes is stored in a string that will be interpreted further on. Send message is illustrated

with the flowchart in Figure 37.

| Get sent message fom ECU-array |

[ Inittete old arbitration |

FY

Read bus

d & Senice bytes of sent message = |d & Service bytes of received message?
OR old atbitretion = Arbitretion of received message ? NO

| Saveamiration |

NO
Singel or last frame?

YES

Get relevant ceta I——

Check format byte for size of rdevart data
and save to message stfing

Y
[sor ]

Figure 37: Send message flowchart
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l Acquire compatison operation—|

No operation? YES

Operation is "="?

Perform "equal™comparison |——->

Operation is "I="? Perform "hot equal™comparison l—>

Operationis ™>"?

Perform "greater than'-compaa‘—»

Operation is "<"?

Perform Tess than"—comparig‘—-»

NO|¢
\

|Disp|ay calculated valuel

Y
End

Figure 49: Flow chart of functionality of comparisons

Handling different bases

As previously mentioned, there is information regarding the base of the values that are decoded.
Some may be interpreted as hexadecimal values, some as decimal. Some may even be expressed as
ASCII or BCD. To handle these different bases a VI was developed. There is not much to mention
about how the bases of decimal, hexadecimal and binary values are handled, since this is basically

handled by the VI that calculates the formula. However, when the received message is to be
interpreted as ASCII or BCD, an explanation might be helpful.
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Load .cbec file

Update Channels

Update Analyze
list

Change baudrate

Sample Channels To Graph

l

Wait 50 ms

Figure 55: Flow Chart of program in tab AnalyzeCAN

The flowchart of the AnalyzeCAN tab is shown in Figure 55.
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1. Needle for setting “Engine coolant temp value”

2. Needle for setting Vehicle speed value”

3. Needle for setting Engine speed value”

4. Needle for setting ”Total fuel level value”

5. Pusbuttons for activating/deactivating “LED indicators”.
6. Button for starting demo sequence.

Figure 65 shows the the principal of how the Demo tab works.

‘ Start I

I?onﬁgure for low speed CAN]

Engine coolant temp Send "Set coolant
value changed? temp value™ on CAN

Vehicle speed Send "Set Vehicle
value changed? speed value™ on CAN
Engine speed Send "Set engine
value changed? speed value” on CAN

Fuel level

Send "Set fuel level
value changed?

value” on CAN

LED indicators
value changed?

Send "Set LED indicators
value” on CAN

Run Demo pressed? Run demo sequence J

End
Figure 65: Flow chart of Demo tab
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The flowchart for the Send Frame is trivial, but the part th

! at will be further explained is Write
message. A flow chart over the functionality in Write mes

sage is illustrated in Figure 83.

Get arbitration Id

Write message

Figure 83: Send frame flowchart
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5 Conclusions

LabVIEW has shown to have both strengths and weaknesses as a programming tool for our work. It
is very easy to create a satisfying graphical user interface but it is not as intuitive when handling .

information and more complicated calculations compared to other programming languages. For this
thesis it has clearly more advantages than disadvantages. As with other programming langu'a es it is
important to follow the programming rules and conventions. Otherwise it will be almost imp%)ssible

fqr other programmers to use the code for other projects. The conventions are in this case somewhat
different because of its graphical structure of the language.

The NI 8473-USB has worked flawlessly and overall impressive with its good programming
examples and easy to use SubVL:s and is highly recommended by the authors of this thesis. It has

shown that a good CAN-interface can be made with LabVIEW and we for it i i
) esee that it b
replace the VCT with a NI 8473-USB in many cases. it is possible o

The GUI that has been created clearly has capabilities to replace and complement some of the tools

that Infotiv are using at the moment. It has shown some of the capabilities that LabVIEW combined
with CAN can achieve.

A conti.nuation on th.e thgsis would benefit with a implementation of the diagnostic protocol GGD, it
would increase the life time of the program as the D2 protocol is not implemented in newer cars.

To be able to interpret the response of node when sending a custom made message would also
increase the usability.
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