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Abstract 

Lab VIEW® 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 
Lab VIEW® 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 Vehi~le Communication Tool, also known as the VCT, when they 
want to communicate on the CAN, for mstance 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. 



2 Theoretical Background 

2.1. LabVIEW 

Lab VIEW is short for Laboratory Virtual Instrument Engineering Workbench. It is an 
instrumentation and analysis software development application developed by National Instruments. 
LabVLEW uses a graphical programming language, known as the G programming language. This 
means that it is quite different to use Lab VIEW compared to a traditional text-based programming 
language such as C. When using Lab VIEW you create programs that rely on graphic symbols to 
describe programming actions. Since it uses graphical programming, it might be easier for a novice 
or a non-programmer to get started using LabVlEW rather than for example C. 

Lab VIEW is today a program widely used in the area of testing and measurements, industrial 
automation and data analysis. lt is quite powerful and scientists at NASA's Jet Propulsion 
Laboratory used Lab VIEW to analyze and display Mars Pathfinder Sojourner's engineering data [2]. 

2.1.1 Virtual instrumens 
Lab VIEW programs are called virtual instruments or Vls. The reason that they are called virtual 
instruments is that they have a lot of similarities with real life instruments. They always have an 
interactive user interface, known as the front panel (see Figure l), where the user can input and 
control data and monitor the output data of the VI. This is the part of the program where you can 
change input data while running the program . 

.-. .._... 
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Figure I: An example of a Lab VIEW front panel 
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Text string in ...r------

The block diagram aspect of the VI contains the logic of the VI, the source code. It is in this part 
that the logical behaviour is defined and modified. Different blocks are connected using wires. 
These wires contain values and are the equivalent to variables in regular text-based programming. 
These blocks that are connected in different ways are actually the executable code. To perform a 
simple addition of two values you connect them as shown in Figure 2. 

IYoiueA! 

I~ j + 
) 

fvo1ueel 
l!.!!!:!.11 

Figure 2: An example of a Lab VIEW block diagram 

The third aspect of a VI is the icon. In this part of the VI the different inputs and outputs are decided 
(see Figure 3). When you create the logic of your program in the block diagram you need to use 
either built-in-functions or your own created subVIs. A sub VI is a VI that is intended to be used as a 
subroutine, as a part of a bigger program. These built-in-functions and subVIs are represented by 
icons in the block diagram and when creating a VI you can determine the which inputs and outputs 
the VI should have, and also their position by accessing the connector part of the icon. 

Cast Data File.vi 

Path---
Operation Text String out 

·~""·""'' error out 
error in (not an error) ~l 

File# -----' 

Figure 3: An example of a Lab VIEW icon 
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2.2 USB-8473s 
The USB-8473s from National Instruments is used to interface the physical bus wires of the CAN 
bus using the USB on your PC. It is a 1-port interface, using the Philips SJA l 000 controller to 
implement the CAN protocol and the Philips TJA 1041 for interfacing the physical bus. 

The USB-8473s is designed to work at baud rates up to 1 Mbps and uses hardware timestamping, 
with a resolution of l µs. The physical layers are powered internally from the USB using a DC-DC 
converter. Therefor, there is no need to supply bus power. The physical layers are optically isolated 
up to 500 VDC (2 s max), which means that the PC and the NI-CAN hardware is protected from 
being damaged by high-voltage spikes on the CAN bus [l]. 

1 LED indicators 3 Combicon connector 
2 USB connector 4 D-SUB connector 

Figure 4: Physical appearence of USB-8473s 

In Figure 4 the different physical parts of the hardware are labeled. 

l. LED indicators: There are two LED indicators on the USB-8473s. One is labeled USB, this 
indicates connectivity to a USB Host signalling either a USB full speed connection (green) 
or a USB high speed connection (amber). 
The other one is labeled CAN. This flashes to indicate the prescence of traffic on the CAN 
bus. 

2. USB connector: This connects the USB-8473s to the PC. 

3. Combicon connector: This connector allows for synchronizing multiple NI-USB-CAN/LIN 
devices with each other and with a variety of DAQ, IMAQ and Motion Products. The three 
connections are a clock pin, a trigger pin and a ground pin. This enables the possibility of 
using a shared timestamp clock at rates of 20 MHz, 10 MHz or l MHz. 

4. D-SUB connector: A 9-pin D-SUB connector. 
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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 SJAl000 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. 

Figure 5: Philips SJAI 000 
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]. 

TJA1041T 

CJ1JJg~c, 

Figure 6: Philips 
TJAI041 transceiver 
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2.3 CAN 
CAN is short for Controller Area Network and is a fieldbus developed by Bosch in 1988 for 
Mercedes. It is often used in automotive areas as the modern car is filled with electronics. The CAN 
protocol supports data rates up to lMbit/s. CAN makes the communication possible between 
different nodes without any host computer. Because of this there are fewer cables in the car as the 
nodes does not need to have one wire each and reduces the amount of cables needed. The common 
bus consists of two wires called CAN_ H and CAN L. 
CAN also has a system for priority where for example time crucial nodes will have a higher priority 
on the bus. The messages or so called frames consists of several parts. The different elements are: 

Start of frame, Identifier, Remote transmission request, Identifier extension bit, Reserved bit, Data 
length code, Data field, CRC, CRC delimiter, ACK slot, ACK delimiter and End of Frame. 

All of these elements have a size of at least one bit and is shown in Figure 7. 

Inter fran:c spacS1andard da a frame 

I 

I- Aecess,'le l•oVf:I 
-- -· -------· --~-• 
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;;:: §L ·"' 0 'JJ " tl)-0 '§D 0 

Cl'. 
t: g:LU 

VJ ;l 0 2i?:x::~ -0 m </JCl "' ,, cc C c ::,
U) a: g 0 <..) LU al 

Figure 7: CAN frame 

A message on the bus will be received by all nodes on the bus and the messages identifier will be 
compared with each and every node on the bus and if it is a match the node will receive it. 
The identifier is also used to compare the priority. The node with lowest value on the identifier has 
the highest priority on the bus. For example if a device on the bus sends a message, the identifier 
will be compared with every nodes identifier and if device has the lowest value on the bus it will be 
able to send the message even if another device is trying to send a message at the same time. The 
device with lower priority will automatically retry to send its own message when the bus is in the 
idle state. 
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-------------- ----- --

---------

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 II. 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 #5-3 Bit #2-0 Bit #7-6 
-··------~- ----- - - - - ------ - -·--·----·----·---

Type of message Number of bytes or number of 
frames or frame seq. number 

First/last frame 

"00 l" and "0 10"= diagnostic message number of bytes "11 "=Single frame 

"00 l" and "0 1 0"= diagnostic message number of frames is 111 = not 
specified 

"1 0"=First frame 

"00 l" and "0 10"= diagnostic message frame sequence number"00"=intermediate frame 
·------- ~------~- --- -----·--- -··-··--·--- --~ 

"00 l" and "0 10"= diagnostic message number of bytes "0 l "=last frame 

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 l 0 11" 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=0l] 

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=0l] 

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

The rest of the bytes contains the data. 
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So with those values the message would have the following appearance: 

CB51A50101 FFXXXX 
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3 Drivers for NI-CAN 

The first part of this work, consisted of testing the USB-8473s hardware, as well as the existing 
drivers for the USB-8473s that were provided by National Instruments. The purpose was to 
determine how they are used, and then enclose them in Vis that followed the standard that is used at 
Jnfotiv. By doing this we would get icons that correspond to the standard which they are using, and 
also to allow easy modification in regards to adding inputs or outputs, as well as logic. 

All of the following Vis are used for basic CAN functions, and are based on the existing frame API 
provided by National Instruments. A boolean input called "Simulated" has been added to all of 
them. This is used to bypass the hardware specific logic, making it easy to test certain parts of the 
program, without using the actual hardware. There will be a short description of each VI, their input 
and output signals, as well as their functionality. 
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3.1 Configure Interface 

CAN(INFOTIVI_configlntei-f,1ce.vi 

ObjN,une·~-· ,,--,,,...,__ 01.ijHandlo:out 
'Simulated (FAL :E) r 

. . . • =- Error out C1-1tI t letworl-. Inte1ta<e C onf19 
Error in 

Figure 8: Configure interface icon 
This VI is used to configure a CAN Network Interface Object. ObjName (see Figure 8) is a string 
that will determine the name for the object. It uses a syntax of "CANx", where xis a decimal from 
0-63. There are two special values that can be used, x = 256 and x = 257. These are used for virtual 
interfaces [I]. CAN Network Interface Config is a cluster (see Figure 9) that contains a lot of 
options when configuring the CAN interface. When using the USB-8473s, only two attributes are 
valid. The rest of them are ignored. The two attributes available for control are "Start on open" and 
"Baud rate". Start on open is a boolean and describes whether the interface should start when 
opened, or wait for a specific start-command. The option of baud rate simply defines the speed of 
the CAN-bus it should be used with. For Low-speed CAN it is 125000 bps, and for High-speed 
CAN it is 500000 bps. When the interface has been configured, it will be opened for 
communication. The output ObjHandle out is the object handle for all subsequent CAN Vis for this 
object. The block diagram of the VI is shown in Figure 10. 

Start On Open 

Baud Rate 

Rud Queue Length 

'Nrite Queue length 

StandardComparator 

~,.,, 
~------
:;; 

StandardMask 

Ei<tendedComparator 

E><tendedMask 

Figure 9: Control cluster for CAN Network Interface Config 

tworl-: Inte1fa<e Con 

...........................? 

Figure I 0: Configure interface block diagram 
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3.2 Start Communication 
( ANUNFOTIVI_st,ut( om III unic,1tion. vi 

ObjH,mdlein ObjHanclle out 
Simulats:d(FALSE) ; . E tError Ill .,.J .,.u=~ rror OU 

Figure 11: Start communication icon 

This VI is used to start the communication for the interface chosen by the object handle Obj Handle 
in (see Figure 11). It will transition the network interface from stopped state (idle) to started state 
(running). This operation will have no effect if the interface is already started. When an interface is 
started it is communicating on the network. This means that the messages that are received on the 
CAN-bus, will be stored in a read buffer, and if not read and cleared, a buffer overflow might occur 
Therefore it is important to continuously read the bus, or stopping the interface if no read will be • 
performed. 

A delay of 10 ms was added after starting the interface to make sure that there is no loss of data 
when trying to send a message directly after opening the interface. Figure 12 illustrates how this 
delay has been implemented. 

CAMModule e1Vtrnon 
Dill\" 

Error out 
:,,:,,_-.;,._.:,,_I(.:.:~ 

i.,'• /J',';/; ,,·, ,rjf;J' ,/'/~ /;, ,'/1 ; 1J.;, ,,//,F/, ;,_,, ,, .. , ; 

00 
Time Del~y 

• [icf.L• fn11 • I ) 

":11 •'.ti 111 1:11•1 ,:1 I n1 

-:I I •.ii ,_1t It •· 

Figure 12: Start communication block diagram 
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3.3 Send Frame 

CAN(INFOTIVl_sendh,lme.vi 

ObjH,mdle in -- AH OhjH;mdl~ out 
D,lt,l SEND 

rRAMc Error out 
Simulat-:diFALSE;, 

Arbitr,ltionld -· 
hRo:mote -

Error in --
[Jatalength -----' 

Figure 13: Send frame icon 

The purpose of this VI is to send a single CAN frame on the CAN-bus. When this VI is called, a 
frame will be placed into the Network interface queue. This queue is handled in the background, 
and therefor this VI will not wait for the frame to be transmitted on the network. The icon is shown 
in Figure 13. 

The Obj Handle in will signal which interface should be used. The Data will consist of maximum 8 
bytes where the length is defined with DataLength. You can specify the arbitration ID for the frame 
that is to be transmitted with Arbitration Id. It can be either a standard 11-bit ID or an extended 29-
bit ID. lsRemote indicates the frame type that you are sending. It will determine the interpretation 
of the remaining fields. For a CAN data frame this value should be 0. Figure 14 show the block 
diagram of this VI. 

, .. ,, ... ,.,,. ,,,.•-, .. , • .,, • ,,., 

j 

Write 
t[ 

?,, 
,,,.,. ,.,,,,,,,J,, 

Figure 14: Send frame block diagram 
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3.4 Read Frame 

(ANID"FOTIVl_re.-.dFrilme.vi 

ObjH,mdle in --- CAN ObjHandle out 
:imulawl (FALSE)••;r:: READ ·:::::•ltn, Output Array 

Input Army .,,.,JJ_ L, Error out 8 
Error in K~J 

Figure 15: Read.frame icon 

The readFrame VI is used to read multiple frames from a CAN Network Interface Object. The new 
frames will be added to the input string array (see Figure 15). 

First a check for new frames will be performed. If there are new frames waiting in the read buffer, 
these will be added to the input array. If there is no input array one will be created containing all the 
new frames. This is however not recommended since it might take a while for Lab VIEW to create 
this array, resulting in a loss of frames. See Figure l 6 for an illustration of the block diagram. 

•••••••••••••• ••••• 7 RfJd Entnts P~ndinq T 

Figure 16: Read frame block diagram 
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ObjH,mdle in -==:--D~J--- ObjHandl-e out 

••·•• 

3.5 Change Baudrate 

( ANt INFOTIVI ...ch,lngeB,n1dR,lte.vi 

Simulatcd(FALSE) 
StJ1t bu~ ?(FALSE) 

B,mdR,lte 
Error in 

Figure 17: Change baudrate icon 

The USB-8473s has support for different baud rates. Therefore you might want to change the baud 
rate of the interface. This VI will stop the interface, apply the new baud rate that is defined with the 
input, and optionally start the interface afterwards. If you are performing continuously readings on 
the bus, you might want to start the interface afterwards. However if you do not do this, it is a good 
idea to keep the interface in idle mode to prevent the read buffer from an overflow. The input and 
output signals are shown in Figure 17. 

Figure 18 illustrates the logic of the VI. First of all, the interface is stopped. This action will have no 
effect if the interface is already in idle mode. Secondly the new baud rate defined with the input 
Baud Rate will be applied. Finally the interface will be started again, depending on the value of the 
boolean Start bus?. 

···•········? 

--ll!l-----iPU32 
Ob Handl~ out 

Eu-or out 

Figure 18: Change baudrate block diagram 
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3.6 Stop Communication 

( ANUNFOTNl_stop( o III munic,ltion. vi 

ObjH.mdle in~.. ObjHandle out 
Sirnul,1ted(FALSEi ··' ,, .. -~.----

Error in J"~ •---- Error out 

Figure I 9: Stop communication icon 

This VI will transition the network interface defined with ObjHandle in (see Figure 19) from 
started state to stopped state. This will have no effect if it is already in stopped mode. When a 
network interface is stopped, it will not communicate on the network and all entries in the read 
queue will be cleared. 

It is efficient to stop the network interface if you want to avoid the read buffer from overflowing. If 
you are not continuously making readings, and thereby emptying the read buffer, it will eventually 
result in an overflow if the interface isn't stopped when no readings are performed. A delay of IOms 
was added previous to stopping the interface (see Figure 20). This was done to avoid any eventual 
data loss. 

(Af I Module ei VN~ion 

...? 

00 
Time Dela•; 

• [I ,, .. ·r,,,, 1,,, 

(II 11) i'11•:i ,..11°·11 

':I I '.II •J1 If .. 

01.iH,rndle out 
~-------- 132 

Figure 20: Stop communication block diagram 
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3.7 Close Interface 

C ANUNFOTIVI dose Interf ,1ce. vi _ 

ObjH,1ndlein 
'Simulat.ed (FAL 'SE).., 

Error in .,..1=·· 

Figure 21: Close interface icon 

This Vi is used to close the network interface specified by the object handle Obj Handle in (see 
Figure 21 ). lt is to be used when the object no longer needs to be in use. For example when exiting 
an application. This action will stop all pending operations and the configuration for the object will 
be cleared. The object handle used will be terminated. 

This VI will perform the action of closing the interface regardless if there is an error in the Error 
in. If a network interface is not closed when exiting an application, Lab VIEW needs to be restarted 
to be able to use the hardware again. Figure 22 illustrates the logic of the VI. 

Figure 22: Close interface block diagram 
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4 The Graphical User Interface 

The graphical user interface or GUI as it is also known as, is an intuitive way of controlling a 
system. This GUI is used for communication on the CAN bus in different ways. The goal was to 
create a broad variety of tools for the user. This includes different way to monitor the traffic on the 
bus, sending messages in a variety of ways, log the traffic on the bus, the possibility to read log files 
and a part that consists of a quick demonstration on the strengths with CAN. 

The GUI is divided into several tabs, which contain different functionality. These different tabs will 
all be described, as well as the structure of the logic behind the GUI. 

4.1 The structure of the GUI 
There are different ways on constructing a program with the above criterias, and the method that 
was chosen where later proven to be a intuitive and graspable. It is based on structure of events, 
cases and a queue. An event can be triggered on a wide range of actions in the front panel. Most of 
the time an event triggers on button that changes value. When the value changes the program goes 
in to a event case where the program usually puts an element into the queue. The element in the 
queue consists of a string that will be sent to the case-structure. The case structure have a list of 
strings that it will compare the string from the queue with. If they match, the case will perform the 
assigned task/tasks. The structure is shown below in Figure 23. 

IT] I®] 

••• 
•••• -·· l!: ••• 

111"Button":Voluo Cho~o • 

[j] 

Figure 23: GUI structure 
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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 Lab VIEW 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. Constmcting 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 stmcture of the DOB 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 tum contains a "SERVICE ITEM":s and then indexed under each 
"SERVICE_ITEM":s lies "DIAG_ITEM":s. The stmctu-;e is illustrated below in Figure 24: 

DIAG_ITEM 
SERVICE_ITEM 

[ 
DIAG_ITEM 

ECU_ITEM DIAG_ITEM 

SERVICE_ITEM [ 
DIAG_ITEM 

SYSTEM_ITEM 
DIAG_ITEM 

SERVICE_ITEM [ 
DIAG_ITEM 

ECU_ITEM 
DIAG_ITEM 

SERVICE_ITEM [ 
DIAG_ ITEM 

Figure 24: Database structure 

The program constmcts 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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---------- -

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 

------~----~-••-a~--~-•----••~--~•-"•----

Names in the database 

Read Current Data By Offset 

Write Data Block By Offset 

Input Output Control By Identifier 

Control Routine By Offset 

Read Data Block By Offset 

--~--·----------- --------~--------·- -~-----~-

Names in the front panel 

Read Record data 

Input Output Control 

Input Output Control 

Routine Offset 

Read Block Offset 

ReadDTC ReadDTC 

Clear DTC Clear DTC 

-
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4.2.2 Front Panel 
In the DHA tab,illustrated in Figure 25, the user will need to start by loading a database file. Then 
it will be possible to select an ECU from the ECU-list. The list with the different "DIAG _ITEM":s 
below the ECU-list will change when changing the radio buttons. When a "DlAG_ITEM" has been 
selected a message will be composed and visible in the "Message field". The sent message will be 
shown in the "Response" window. lf the sent message was requesting a response, the response will 
also show up in the "Response" window. 
It is possible to compose a message manually in the "Custom message" field, the response will 
however not be interpreted. 
The contents of the "Response" window can easily be saved to a text file with the "Save responses 
To File" button. The "Clear Responses" clears the contents of the "Response" window. 

[1HA : An.-lfaCA!!_l.D•n~L L;IJJ_s._n~_F,_,.,_,.---'-------------------------
'A:thn 

EXIT-__j ,P.u<ly (yinfotiv 
L1dh p.1th Lo:tcl'1:ihh,:nt 

( Pto')•-'m I IJhonal ln~tn11nrnh'.~.Ju1td '.(er} f OK 

[)HABmtypt 
J CAI I H1')h Spud AEl.1-51 

(l01 Ru1>omt1 
) Input 011tp11t ( <>nh ol 1 

(lt:tl' ; 

Rud Bloc~ Offat 

,(Jui CIT( 

S.uvl Butt'ln ';,tnd <mtom moU')t Cmt->m mtn.l')t 

r Stnd 01< l 

Figure 25: DHAjrontpanel 
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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 cu~ent "SERVICE ITEM". The information in the "DIAG ITEM":s are-vital for 
interpreting responses and compo~ng messages. When all the limits are fo~nd, 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. 

Figure 26: DHAjlowchart 
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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 

Read ECU 

Update ECU Items list, dbb-array and ECU index 

Create ECU array 

Find SERVICE_ITEM limits 

Find DIAG_ITEM limits 

Update Diagltem list, ECU array and DlagltemllmltArray 

STOP 

Figure 27: DHA vital sequences 
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ReadECU 
The inputs and outputs of the sub VI is illustrated in Figure 28. The sub VI reads the database row by 
row. The relevant row numbers are stored in the ECU-index and it creates a cluster to the ring menu 
in the front panel. 

LV-CAN_DHA_readECU.vi 

Ddb path ~~-flll:11-lW.rlrI.JfJ:J---,_Clusterto ring menu 
Bus Type -------- ECU index 

Error in""""~""--'=--'' ••dbb-array 
•~Error out 

Figure 28: Read ECU icon 

It checks each row for the string "ECU ITEM" and if it finds it then it checks if the ECU uses the 
user defined bus speed. If the speed co;;:elates with the user defined it sets a flag of a boolean type 
to true. That means that program has found the beginning of the ECU and now only need to search 
for a string that contains "END". This is because not all of the ECU:s should be displayed in the 
front panel, just those that corresponds with the bus speed set by the user. 
The row numbers of begin and end of the ECU is stored in an array named "ECU index", the values 
of the array will change if the user chooses to change the bus speed. The names will be forwarded to 
the list of ECU :s in the front panel. 
Figure 29 below explains how the Read ECU works: 

Figure 29: Read £CU.flowchart 
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Create ECU array 

This part creates the "ECU array". The array contains the information of the current ECU. The VI 
uses the "ECU index" array to get the limits of the current ECU. It then start to index the array with 
empty columns instead of blank spaces. The inputs and outputs are illustrated in Figure 30. 

LV-CAN_DHA_createECUArray.vi 

·"'""'""'"" ECU Array 
ECU index 
Dbb-array ~" '-"'~~~Error out 

Error in 

Figure 30: Create ECU array icon 

column in the ECU array: 

Row 0: RadioButton The actual radio button, tells which service that is chosen 
Row 1: Service Begin The row number at the beginning of the actual Service 
Row 2: Service End The row number at the end of the actual Service 
Row 3: Single Diagltem or List The DTC contains only one relevant DIAG_ITEM 
Row 4: Number of Removal Number of obsolete rows in the beginning of the Service 
Row 5: Diag begin The row number at the beginning of the actual DlAG_ITEM 
Row 6: Diag End The row number at the end of the actual DIAG_ITEM 
Row 7: Message String The composed message that will be sent 

The first column in the ECU array functions as variable storage. Instead of using local variables, the 
information is available from the ECU array. This is the additional information stored at the first 
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Service Limit Search 

This VI works similarly as the Read ECU does. The purpose of this VI is to find the row numbers of 
the first and the last row of the Service. The inputs and outputs are illustrated in Figure 3 l. 

LY-CAN_DHA_servicelimit5earch.vi 

ECU Array in , ''"'·""''" • .,,,,,..,, ECU-Array out 
Radio Buttons _,--

Error in ,.,,,,... A.~~- .. Error out 

Figure 31: Service limit search icon 

The actual Radio button is stored in the ECU-Array at the column O and row 0. The VI starts with 
checking which Service that is the current one. Then it searches in the ECU array for a string that 
matches the service name. If they match, it saves the row number and start searching for the end of 
the SERVICE_ ITEM. A flow chart describing the functionality is illustrated in Figure 32. 

Save raN number 

Figure 32: Service limit search flow chart 
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DiagLimitSearch 

The purpose of this sub VI is to find the row number for BEGIN and END of every diag item in the 
actual service item. The VI starts with retrieving the row numbers for the beginning and end of the 
current service item. It then starts its search for the row numbers for begin and end for each diag 
item. The VI creates strings to the menu rings in the front panel. The inputs and outputs are 
illustrated in Figure 33 and a flowchart describing the functionality is illustrated in Figure 34. 

LV-CAN_DHA_diaglimit5earch.vi 

ECU Array MhMrJira,r rubuWUlUJUl ECU Array out 
01AG ,za:z~ Diag item row numbers 

Error in-~~~- LIMIT -·~·'=Strings & Values 
First item in list 

'""Error out 

Figure 33: Diag limit search icon 

START 

Gel row number of'BEGIN' & 'END', 
and start al 'BEGIN' 

Read new row at column 3 

YES 

Save row number 

YES 

STOP 

Figure 34: Diag Limit Search Flow chart 
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Create Message 

The message is composed of a number of bytes that are found in the database. The first byte in the 
message is size dependent. As the message is a single frame bit #7-6 is" 11 ", the message is a 
diagnostic request or a diagnostic response so bit #5-3 is "00 I", last three bits varies with the 
number of bytes in the message. For instance if the message consists of three bytes the bits # 2-0 
will be" 011 ". So the result will then be "CB" in hexadecimal. If the number of bytes is four the 
byte will be "CC" in hexadecimal and so on. This byte is called the "Format byte". 
The next byte is found in the first row in the ECU item. It is called the COM_ ADDRESS. The byte 
after the COM ADDRESS is VALUE from the first row of the Service item. The byte after that is 
found in the fi~t row of the DIAG ITEM and is also called VALUE. If the Service is Read Current 
Data or Input Output Control there-will be a additional byte to the message. It is called VALUE and 
resides two rows down in the DIAG ITEM. The inputs and outputs are illustrated in Figure 35. 
Figure 36 illustrates the logic of Cre;te Message. 

LV-CAN_DHA_createMessage.vi 

ECU-Array In "'""'""" ----·- Message 
""'';ll,,EcU-Array Out 

Error in .,.,,.u~ ""<l-.•• Error out 

Figure 35: Create message icon 

ffoE11-,,• 

~iii~ I 
- --eE - ~-

Figure 36: Create message block diagram 
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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 ECO-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. 

STMT 

Get sent message from ECU-a-ray 

Inltltate old arbitration 

YES 

Save arbitration 

Get relevant data 

Check form at b'yte tor size of relevant data 
and save to message string 

STOP 

Figure 3 7: Send message flowchart 
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Single or last frame 

To determine if the received message is a single message or a last frame the program uses the single 
OrLastFrame VI. It starts with checking if the message starts with 'C' or '4'. This determines if it is a 
single or a last frame. It the message is a single or last frame, the VI uses the getRelevantData VI to 
calculate the amount of relevantdata in the message. If it is neither a single frame or a last frame it 
will be treated as an intermediate frame and add the six last data bytes to the message string. The 
inputs and outputs are shown in Figure 38 and the logic is shown in Figure 39. 

LV-CAN_DHA_singleOrlastFrame.vi 

String -::::::::;----- --··---·· Message String 

Old:~~:~~:~:~~~--~mrr=:::: ttt~tJ ==:_;:;:;~·;·,:.-.-7 
Frame 

ID or Arbitration? ........; l,.,.,. Error out 
Bus message --~ 

Error in -

Figure 38: Single or last frame icon 

17'7 

&;fbitration1I 
[Y-r 

frames sta,ts with C 

_______.,_-..... ---r.-::rstrng! 

: lilr1>1t,j1onl---,.,, .. J 

as frMneS stlltts

Figure 39: Single or last frame block diagram 
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Get relevant data 

The amount of relevant data is calculated through the getRelevantData VI. It uses the first byte of 
the message, also known as the format byte, and mask out the last three bits. 
They represent the amount of the data bytes that is relevant data. The message will fill out the 
message with zeros if not all of the data space is used, so knowing how many bytes that is relevant 
is crucial. The inputs and outputs of getRelevantData is illustrated in Figure 40 and the logic is 
shown in Figure 41. 

LV-CAN_DHA_getRelevantData.vi 

Message In ..~- ·-~-· Message Out 

Figure 40: Get relevant data icon 

Mask the format byte with seven to 
et the value of the last three bits 

!Number of characters I 

. 7 .:~-.:,oo,x,ooo:.o:.x.-x...,;,,::axo,~:a:.:11;10Qt;,o-•;,,-•-..;w,.:,,:;,o,:,,_~;oc•:a~~•-•.;a;•;a:•·...-,.- ............ ....-•-ca;!!:.:.;aJl_..;a._-.Jl:ioo..V~~-

, 
' 

Figure 41: Get relevant data block diagram 

The format byte: 

bit #7-6 bit #5-3 bit #2-0 

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

I O=First frame 00 l and O l O= diagnostic message number of frames is 111 not spec. 

OO=intermediate frame 00 I and O IO= diagnostic message frame sequence number 

0 I =last frame 00 I and O l O= diagnostic message number of bytes 
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Interpreting responses 

When a diagnostic request has been sent, a response from the ECU is to expect. This has to be 
decoded and presented in a format that is easily understandable. The information used for decoding 
these messages is located in the database file. 

In the database-file, it is possible to find information for each diagnostic request response item, such 
as a compare-value, the base of the response item as well as the formula for decoding the response. 
A diagnostic request response can contain several items, and therefore it is also possible to see the 
offset and length for each response item. The offset indicates where in the response string that the 
information should be located and to avoid making unnecessary comparisons between the response 
string and the response items, there is no comparison being made if the offset in the database file 
exceeds the length of the response string. 

In some cases there is a formula located in the database file, which describes how to decode and 
calculate the desired value, from the hexadecimal response string. These formulas can contain 
regular arithmetical operations such as addition, subtraction, multiplication and division. There can 
also be expressions of boolean algebra such as AND for example, located in the formula string. The 
formula strings also contain constants, that are expressed in different bases. They can be either 
decimal, hexadecimal or binary. To be able to interpret the formula strings correctly, and acquire the 
correct value from the response string, several Vis have been developed. 

Interpreting numbers expressed in different bases and formatting the formula string 
Since the constants in the formula strings are expressed in different bases, there is a need for 
converting them into decimal values, expressed as strings, and replacing the ones expressed in 
either binary or hexadecimal bases. There is also a need for a VI that can perform AND-operations 
expressed in a string. 

Formatting the formula 

LV-(AN_DHAJNTERPRET_forn1.ltfon11ul.utring.vi 

Formula String in ~-- --~·- Formula String out 

Figure 42: Format formula string Icon 
This VI basically just removes all blankspaces in the formula string, as well as replacing all"." with 
",". This is necessary to make sure that Lab VIEW interprets floating point values correctly. As can 
be seen in Figure 42, there is just a string input as well as a string output. 
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Interpreting binary 

L V-( AN_DHAJNTERPRET T oDec. vi _bin,uy 

Input String -·-- -- Output String 

Figure 43: Binary to decimal Icon 

The VI (see Figure 43) for interpreting the strings with binary numbers utilizes a function that exists 
in the mathscript node called "bin2dec". It can convert a binary string to a decimal integer. To 
determine which numbers in the formula string that are actually binary numbers, a simple scan has 
to be performed. This VI will search for the combination "Ob". This is used to signal that the 
following digits represent a binary number. After it has been interpreted as a decimal value, the 
binary string is replaced with a decimal string. 

Interpreting hexadecimal 
LV-CAN_DHAJNTERPRET_hex ToDec.vi 

Inpllt String -·-· ~·--Output String 

'""I.!."'-""',.,...~ Error out 
Figure 44: Hexadecimal to decimal 

Icon 

To determine the constants that are expressed in hexadecimal format, the VI will search for the 
combination "Ox". This signals that the following characters represent a hexadecimal value. This is 
converted to a decimal value and then replaced by a decimal string. The input and output signals are 
shown in Figure 44. 

Interpreting AND 

L V-( AN_DHAJNTERPRET vi_interpretAND. 

Input Formula String ... www -- Calulat.;d Valu.; 
HEX-string from CAN • ..r~~ 1HTERP. 

1. ...~~ AHO ·- ~ hror out 
Error m "'""' 

Figure 45: Interpret AND-operator Icon 

A VI (see Figure 45) for handling AND operations expressed in a string has been created. It will 
find the & sign, convert the two decimal strings that surrounds the &-sign into numerical values, 
and perform the &-operations, and finally return a numerical value. 
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Calculate Formula 
LV-( AN_DHAJNTERPRET_c,\lcul,lteformul,\.vi 

Formula String in -----·-· C alulatecl Value 
HEX-5trinq from CAI" J_r---- cALc 

• . ~--:. ..~.-:ao Er.-or out 
Enor 111""""' 

Figure 46: Calculate formula Icon 

The VI (See Figure 46) that is used to calculate a value based on the formula from the database file 
and the response from the ECU uses the Vis previously described. Connected in a sequence (see 
Figure 47) they will result in a VI that converts both binary and hexadecimal values into decimal 
values. It will also perform calculations for any eventual AND-operators that are located in the 
formula. Finally, it will perform the arithmetics that the formula string describes, and return a 
numerical value. 

I" ,,, ,,~,,_,., .,,.,,, /.,,.,,.,, 
L-L.~--_..... 

Calulated ValueFormula ~trinq in 

FORMAT BINARY BINARY I
,.,-

1!HEX-strinq from CAl'II '"'"'"• • To occ ,..._~ To HEK j 
,~ I"--------------

Figure 47: Block diagram/or Calculate formula 

Comparing values 
When a message has been decoded and numerical values have been acquired, you might have to do 
a comparison. This information is located in the database file, and there will be an indication if a 
comparison should be done. A typical comparison can be to see if the numerical value that you have 
decoded is for example greater than a defined constant. This would be indicated in the database-file 
as a compare value of">XX", where "XX" is the value of the constant. A VI for handling these 
operations has been created. See Figure 48. 

L V-(AN_DHAJNTERPRET _comp,ll"eV,llues.vi 

Response Item String ---· ----· String 
Decodecl v~ltr~ __ ·············L..coMP. String Output? 

" f!""'""" YALUES ~-1-..,
Error in ..-D Error out 

Figure 48: Compare values Icon 

There are several different types of comparisons that can be done. The VI will search for different 
types of comparisons and depending on which sign that is present, that operation will be performed. 
In the case that there is no compare value, the calculated value will be presented. A flow chart 
illustrating this function is shown in Figure 49. 
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Start 

Acquire comparison operation 

Perform "equal"-comparison 

Display calculated value 

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. 

34 



Decoding ASCII 
ASCII is short for American Standard Code for Information Interchange[5] and is a way to express 
different symbols. Each symbol is represented with a decimal value. For example the letter 'A' is 
represented by the decimal value of 65. 

LV-( AN_DHA_DUERPRET_getAS(ll vi 

Formula strin9 --··-- -·-···· A SCil-bytes 
Offs.,t after BCD Ji , .. ~--=~"'·"--·"""Error out HEX-Messa90:~ 

Error in -
Figure 50: Get ASCII Jeon 

This VI (See Figure 50) will convert the hexadecimal string to a decimal value, then it will output a 
string containing the ASCII characters that these decimal values represent. 

Decoding BCD 
BCD is short for Binary-Coded Decimal. It is a way of presenting numbers digit by digit. For 
example the number 4 equals 0 I 002 in binary, and the number 7 equals 0 11 lz. With BCD the 
number 4 7 would be expressed as 0 I 00 0111 BCD [ 6]. 

LV-( AN_DHA_D~TERPRET vi_getBCD. 

F,,rmula Strin9 ·--=_ ~~=:~_, _::;-::··____ R.,sultin9 formula strin9 
HEX-1"1.,ssaq"J' BCD-bytes 

Error.in xr~ BCD .. -.-.xi Offs.,t ~ft.,r BCD 
""-~ En-or out 

Figure 51: Get BCD Jeon 

This VI will read how many bytes that are expressed in BCD and return a substring containing these 
bytes. The Icon can be seen in Figure 51. 
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Decoding both ASCH and BCD 
For some diagnostic items, the response string will contain both BCD and ASCII. A typical base 
string could for example be "4 BCD 3 ASCII". This means that the first four bytes should be 
interpreted as BCD, and the next three as ASCII. Figure 52 shows the icon for the VI that handles 
this. 

L V-CAN_DHAJNTERPRET jnterpretASCil.mdBCD.vi 

HEX-lvlessage·~-=• ~·-~ Output Stri119 
Bas,e String··-··-.. -· Ascn 

Errorin ~· & eco Enor out 

Figure 52: Interpret ASCII and BCD Icon 

By using the VI for ASCII and BCD in a sequence, it is possible to decode a message with a mixed 
base. The block diagram is illustrated in Figure 53. 

Figure 53: Block diagram of ASCII and BCD interpretation 
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4.3 AnalyzeCAN 
This part of the program has adapted some features from a widely used CAN-tool. It enables the 
user to graphically monitor how the different signals or channels varies in time. The information 
about the channels are located in a .dbc-file. For instance, max and min values and also units for 
each channel are stored in this database file. The .dbc-format is the quasi-standard for describing 
CAN communication data. 

4.3. 1 Front Panel 

It is possible to load a .dbc file by entering the path of the file and pressing "Load dbc file", see 
Figure 54. By doing this, the different messages in the dbc file are available for browsing. When a 
specific message is chosen, the different channels in the message appears. Using the two buttons 
"Add item" and "Remove item" it is possible to add and remove desired channels to a list called 
"Analyze list". This list contains the different channels that will be available for graphical 
monitoring. When pressing "Run analysis" the upper part of the front panel will be disabled, and 
curves will appear in the waveform chart. These curves are updated in real-time, and they are being 
sampled at a rate of 50 ms. Each channel will be represented by an individual curve with an 
individual color. 

${.1tm 

P,1th lo.lrl <lhd1I, [ EXIT _) R"rty (yintofiv
1 (. Oo<•umnh r '=3,] 01( ! 

2 
f,ltHJ?n (h:u1nds 

H(f.,I_PR,~p_T'::.T : T-tstt1Php1.:JIF<t~pHc1.1 h1 
!Ttstt1Phys1.;.:ilR,spH(hl:l16 6
' TtstttPhy\1c,11RtspHCf,t_b5 Add hem o (At j Low Spttd 
; T,ut,1Phys1<.llRnpH(l,l_h.& r 

4 1'"''"~ 
I •• : TtsttrPhyHr.111RnpHCl,1_h) 

1 Ttstt1Phys1c.1tRtspH(hlJ1l Run An.t!ym 
! T,1tt1Pl1ys1c.1IR,s11HCl·,l_hl 
: Tt~t,1Phy~1c.JIRtspH(l.l_hO I 

i ~STA~ J 7 
Stop A11111.Y\IS3 L_ . j L-'STOP _J 

Figure 54: Front Panel of AnalyzeCAN tab 
I. File path for .dbc file 
2. List of messages in loaded .dbc file 
3. List of channels in the chosen message 
4. Buttons for adding and removing channels from "Analyze list" 
5. List of channels to be graphically monitored 
6. Radio buttons to select High or Low speed CAN 
7. Buttons for starting and stopping the analysis 
8. Waveform chart displaying chosen channels over time 

37 



Start 

Y Load .dbc file es ~----r--~ 

Sample Channels To Graph 

Wait 50ms 

End 

Figure 55: Flow Chart of program in tab AnalyzeCAN 

The flowchart of the AnalyzeCAN tab is shown in Figure 55. 
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4.3.2 Vital Sequences 

There are two ways of handling data on the CAN-bus when using hardware from National 
Instruments. The first one is the CAN frame. This is a raw frame consisting of an ID, type, data 
bytes and timestamp. The second one is the CAN channel. This is at a higher level than the frame. It 
represents a field in the data of a specific ID, which is scaled to a floating point value in physical 
units. If you want to use a .dbc-file for monitoring signals on the CAN bus, you have to use the 
channel APL Since the hardware that is used, doesn't have support for using LabVIEW's channel 
API, there is a need to set up a virtual CAN-bus. This virtual bus will make it possible to send all 
messages that were received on the actual CAN-bus, onto a virtual bus that has support for channel 
API [I]. The Vls for handling this conversion will be shortly described. 

/nit VT-bus 

The first part of the virtual bus is the initilazation. This is done in a single sub VI, which initilazes 
and sets up the different parameters that are needed for the virtual bus to work. Figure 56 shows the 
icon for the VI that handles the initialization. 

init Vi.-tu,llbus. vi 

filepath -.--.=7]9!1!11::--::-=:-:::::;-ObjHandle out(Frame API) 
channel list ,Jf 1H1T •=000 "1tas~. reference out((ham1el ... 

Error in -r·--~ --~~IL channel list 2 00 

L- error out 2 

Figure 56: The VI initVirtua!Bus Icon 

The input required is a filepath, indicating the location of the .dbc-file that is used. A list of the 
channels that are to be monitored as well as an error line that is used to disable the functionality of 
this VI, in case of an error. What this VI does is that it creates two virtual CAN interfaces. One 
using the Frame API, and another one using the Channel APL The idea is that the messages that are 
received on the actual CAN-bus, can be sent on the virtual bus with the Frame API, and then be 
read on the virtual bus by the Channel APL As can be seen in Figure 57, the block diagram is 
divided into two layers. The top layer contains the interface using the Frame API, and the bottom 
layer contains the interface using the Channel APL Two types of object handles are avaliable for 
output, as well as the channel list that was used as an input. 

ht top Vb .11tto, tht \•11tualhustm119 F1.:imt APl ,md tht lowt1 Vh .11t fo1 
(h.11mtl API 

~[- --, 
?t=----------,---···~---i--:l ~··----·--0---.._...._: ..... :· • ~::a.:--- • , 

·""'_.. •• 0 .................... !Input..., -~·:·"1-•u~n..... .. ... .., .............. • ............ t.~~trt 11 

Vutu:il Bm T1m1n 
.h.:mntllt~tl 

~- __ ·--- -- -- J 

Figure 57: Block diagram view of/nit VT-bus 
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Get max &min values 

getJvl.\xMinAndV,llue. vi 

ObJHandlc in(Framc APn ObjHandlc out{Fram,e API! 
task r-efcrtll<c in{Charmel APr, J.r~:ifu~fll~ta.sk ref,er .. nc,e outi(hann,el 

d1ann-el li~t •·:rUNITS ~l... Array of linits I LU., ' 
,error 111 (no cnori valu,e<harmel 111axi1m1111 

d1annel minimum value 
"""""""'"cn-orout2 

Figure 58: Get Max & Min values Icon 
To get a nice presentation of the signals in the waveform window, the maximum and minimum 
possible value for each channel is determined. The largest of them all will be the upper limit on the 
Y-axis, and the the smallest will be the lower limit on the Y-axis, these are the channel maximum 
value and the channel minimum value in Figure 58. The information about the range in which each 
channel varies, can be found in the CAN database file. 
The principle of dynamically determing the maximum and minimum value is shown in Figure 59. 

Start 

Set max to -infinity 

Set min to +infinity 

Open first channel 

min =Channel_min 

End 

Figure 59: Flow chart of determining the maximum 
and minimum value 
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Read, convert to channel data 
There are several inputs to the VI that handles the conversion between frame data and channel data. 
There are three object handles, one for each CAN-interface (CANO, CAN256, CAN257). There is 
also an initialized array that is used for storing the new CAN-frames that are received on the bus. 
The ouputs are the three object handles, and an array containing samples of the channels, chosen to 
be monitored. These signals are shown in Figure 60. 

ch,lnnell oh,lme(onvenion.vi 

ObjHandle in -- -- ObjHandle out 
ObjHandle in(Frarm API) ~lll"'" rn~ME -]:-1L ObjHandle out(Frame API) 

~cl-,or,,nol • L 
task ref,mnce in((h;mnel API) j !~ l task reference out(Channel '" 

1111trnhzed -_, subanayarray"'"'j 
Enor in,.,_ Error out x"""~ 

Figure 60: Channel to frame conversion Icon 
This VI is placed within a while-loop that is executed every 50 ms (see Figure 61). Each execution, 
a read on the actual CAN-bus (Interface CANO) is performed. An array for storing the new frames 
that are read, has already been initialized to improve performance. The data and arbitration are 
extracted from each frame, making it possible to send the received data on the virtual bus with the 
virtual interface using Frame API, and reading it with the virtual interface using the Channel APL 
The information is then ready for output as a double, with no scaling or formatting needed. If the 
virtual channel interface has been initialized to monitor several channels, The data will be available 
in the form of an array. 

Jll'.~:.Ca'.:JO'.)l'.a:JOCa 

onn Chait 

[D 

Figure 61: Block diagram of while 
loop 

Figure 62 and 63 illustrates the functionality of the frame to channel conversion. 
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Figure 62: Block digram view of frame to channel VJ 

Start 

Read Data on CANO 

No 

j = Number of new 
CAN frames 

i = 0 

Acquire Arbitration 
and Data from frame[i] 

Send frame on virtual 
bus (CAN256) 

Yes 

Read frame on virtual 
bus (CAN257) 

Store in array 
=> to ~aph 

End 

Figure 63: Flow chart of frame to channel 
conversion 

Each iteration shown in Figure 63 is executed each 50 ms, until the user presses the "stop analysis" 
button. 
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4.4 Demo 
This part of the program is used for demo purposes. It is intended to be used at lnfotiv's test center. 

4.4. 1 Front Panel 

The front panel contains a photo of a Driver Information Module or a DIM. This is located at the 
driver's seat in most modem cars. It presents the driver with important information such as the 
speed at which the vehicle is traveling, the engine speed, fuel level and engine coolant temperature. 
It is also used to signal warning lights if for example a seat belt is not fastened or if there is another 
type of problem with the car. 

It is intended to be used while having your CAN-hardware connected to a car or simply just a DIM. 
There are two modes of operation. 

The first is a Demo-mode. It is a sequence of events that activates when pressing the button "Run 
Demo". When activated, a sound of an engine starting will play from the speakers of the computer. 
While playing this sound, the indicators presenting the vehicle speed and the engine speed will 
move to fit the sound of the running car. While they are moving in the front panel, these same 
values will be sent on the CAN-bus, giving a physical representation on the actual DIM that 
correlates with the movements of the indicators in the front panel. 

The second part is used to manually set the indicators on the actual DIM, by moving the red needles 
in the front panel. It is also possible to set different indicator lights located at the bottom left of the 
DIM, by clicking them. When a needle has been dragged to a new position, or a LED has been 
clicked, the appropriate command for setting the new value on the real DIM is being sent on the 
CAN-bus. The Front panel of this tab is shown in Figure 64. 

.it•~mo i LO!,l r~~nrlf~.i-;;-,-··-•-~---~----------•-··--------------~ 

Figure 64: Front Panel of tab Demo 
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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 

Configure for low speed CAN 

Run demo sequence 

End 

Send "Set coolant 
temp value" on CAN 

Send "Set Vehicle 
speed value" on CAN 

Send "Set engine 
speed value" on CAN 

Send "Set fuel level 
value" on CAN 

Send "Set LED indicators 
value" on CAN 

Figure 65: Flow chart of Demo tab 
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4.4.2 Vital Sequences 

Several sequences are important to get the desired functionality. A short description of how the 
demo sequence is constructed with sound playing and indicators moving, as well as how messages 
are created for setting the indicators manually. 

Start Demo 

The demo sequence is activated when the "Run demo" button is pressed. The sound of an engine 
roaring will be played and the needles indicating vehicle speed and engine speed will move, 
matching the sound playing. The values that the two indicators will assume, are extracted from two 
series of numbers from a sine function. The two needles vary with different speed and between 
different values, and therefore, the two sine functions are used with different periods and different 
amplitudes. Figure 66 shows how the two arrays of values are created. 

!G~ne1,1t'-1an Jrr,1;· of ,,Jlut1 for th-. indrc,1tors to 111-1tr.htht Enqint sound in tht audio filt! 

'ed1ide $ lttd 

Figure 66: Creating Arrays of values for demo sequence 

These values will be used to set the needels in the front panel of the program, as well as for creating 
messages that can be sent on the CAN-bus for setting the needles in the actual DIM. 
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The VI that creates the messages that are to be sent on the CAN-bus works as illustrated in Figure 
67. It will have an input of three values, one containing the vehicle speed, one with the engine 
speed, and a final variable that is used to select which message that will be created. It will switch 
between creating a message for the engine speed and the vehicle speed, every other time. 

r,tntrJtts mtnJ':)ts fot tht md1,:.1to1sm tht [Jtmo modt. 
H,1lf oftht 9tnt1attd mts!i.lgts gots to tht vth1dt spttd md1<Jto1 
,md tht othtt· h:ilf (Jots to tht tn<,mt s >ttd md1c..1tor. 

•l.[1tfautt ,. 

!Enq1neSp«dl ~--~ cc5 lh01) 30 lff 

Figure 67: Creating messages to send on the CAN-bus 

ooOO 
'l, C:\Donnntnts and Soettinqs\ 

Figure 68: Run demo sequence . 
Finally the messages are sent on the CAN-bus. As can be seen in Figure 68, the sound file will be 
played at the same time as the for-loop is being executed. 
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Set indicators 

L V-( AN_Demo _gene.-,1teSetV,1lueMess.lges. vi 

(Jlt;l-indicator --~- ·- ·trinq 
Valt1-:.r - • 

Error in u• ,coc.·w Error out 

Figure 69: Generate set value messages 
Icon 

When dragging and releasing one of the needles in the front panel, an action will be performed. A 
message for setting the new value is generated, depending on which needle that has been moved. 
This message is then being sent on the CAN-bus, resulting in an update on the actual DIM. 

There are two inputs for the VI (see Figure 69). First there is a string input, which signals which 
indicator the message is for. The second input is a double, containing the new value of the moved 
needle. This value is then being scaled and converted to a string with the correct format for sending 
on the CAN-bus. Figure 70 shows the block diagram. 

Rtctrvts a st11n ~mdJ vJlllt and tnt1.1tts tht a> >IO >11Jtt out >tit st11n< 

~U-.l·111d1cato,l 
l h~ fl - ~•---~- ·-

ht Ii.It ~· 
ll()f in 

f' •• .·••H / • ••o• ••••• U•••••••••••••• ... •m•••••••• .. • ....... ., <-- .. •••••• .. •••·•••••••••••• .. •••••••···•. •• CV 

nn 

Figure 70: Block digram of VI used to create messages 
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Set LED-indicators 

The LED-indicators in the bottom right of the DIM, are actually buttons that have been created. 
Available controls has been customized and their appearance has been changed from their standard 
view by choosing different images for their individual on/off-state thus creating new types of 
controls. The result is buttons that are enabled or disabled by clicking them. The appearance is 
illustrated in Figure 71. 

[§] 
False True 

Figure 71: 
Customized 

appearence of 
buttons 

The messages for setting the LED-indicators are created differs slightly from the messages for the 
indicators with needles. In the front panel of the program these are to be considered as booleans that 
are either true or false. To create the proper messages for setting these the following method has 
been used. 

H1 
R-:arfoqliqht 

a ... 
~::: 

,•••••••••••••·••····a--• 

................... 
··············- a .. • 

Fi6:rure 72: Method for creating messages for LED-indicators 

The different booleans are used to build an array (see Figure 72). This array of booleans is then 
interpreted and converted into a number. This number is then converted into a hexadeci~al _string, 
and concatenated with the necessary string for setting a new value to the group of LED-md1cators 
on the DIM. 
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4.5 Log 
The log tab contains the logger part of the program. It makes it possible for the user to save the 
traffic to a file and open a log file to display the traffic. The log file is compressed using the ZIP 
format of compression in order to increase the amount of time that the program can log the traffic. 
The degree of compression was up to 20 times at best. It shows how good ZIP is on compressing 
text files. 
To compress files, the ZIP program searches for patterns in the text file that repeat themselves. It 
replaces the repeated sequences with a shorter variant and builds a kind of dictionary. The 
dictionary contains the words that has been replaced and with what it has been replaced with, so it 
knows how it should rebuild the text file again. For the log program this means that it can log the 
traffic for about 20 times longer than without the compression. 

4.5.1 Front Panel 
The user has the choice to save the traffic or not, if not then it will only display the traffic on the bus 
in the CAN log window. However, should the user want to save the traffic to a log file, then a valid 
path must be given or else it will not start. The log is saved in ZIP-archive that will be given the 
name of the current date. The log file/files inside the ZIP-archive will be named after the time stamp 
of the first CAN-frame of each file. When a log files reaches 10 MB in size it will start on a new log 
file in the archive that will be named after the first CAN-frames time stamp in that log file. This will 
continue until either the time is up, the user cancels the process or if it is only 10% left of free disk 
space on the medium where the archive is saved. 
The user can set the duration for the logging by setting the Hours and Minutes with an appropriate 
time. The front panel is illustrated in Figure 73. 

':.t.lt•I~ 

EXIT f Rt:irt.~· Qinfol·iv 

(All Log 
(Al J H1:,1h)flH•f Z,p ,u<:h1v, p.lth j T11nt'A,1mp m fr,:un,e Tvpt Byto (1,lf,l 

o (Al-l l•>W ~•p'!'td ,_al 

Dt11,1t11mfo11099111, 
'),wtlO'.)t,>,1111 H-:iws f.hnut,\ 

'I 

'A':utLO')')lll'.) St"'fl LO!J?lll~ 
St.lit STOP .f 

Rutll•>')t1"'tf1lt 

f:t.1,i/\l,fttt' lln1101ttd CAIi 
(ll, j Tnn,e';,t;uup n, Ft.1111,Tvpt &ttts D.>t,l 

Figure 73: Logji·ont panel 
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The flowchart below shows how the log operates when it saves the traffic to text files. It starts by 
waiting for the user to press the Start logging button. Then it uses the time values that were given in 
the Duration for logging as a run time. If the user has given a valid path for the text file it will 
proceed to "Create log file" or else it will abort. After the creation of the log file the actual logging 
starts. There are three conditions that will break the logging, if the medium only has l O % left of 
free space, the user cancels or if the the time runs out. The function of is shown in the flow chart 
below in Figure 74. 

START 

Create loggfile 

Logg traffic 

Save log to ZIP 

STOP 

Figure 74: Log flow chart 
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4.5.2 Vital Sequences 
Some steps in the flowchart will be explained here. The different steps correlates with some SubVIs 
and will therefore be explained more in detail. The sequences that will be explained further is Set 
runtime, Create logfile, Log traffic and Save log to ZIP. 

Set runtime 
The "setRunTime" sub VI receives two values that correlates with minutes and hours that is given 
from the user. They are then converted to milliseconds. The time in milliseconds is then added to 
the milliseconds timer. The result is used to check if the runtime is out. The inputs and outputs is 
shown in Figure 75 and the corresponding logic in Figure 76. 

LY-CAN_Log_setRunTime.vi 

Hours -- - Timer target (ms) 
Minutes 
Error in °. Error out 

Figure 75: Set runtime icon 

---

I 
/ 

imer tar et ms) 

Figure 76: Set runtime block diagram 
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Create logfile 
The "createTemporyLogfile" sub VI uses a tempory text file to store the traffic in. It is later stored in 
the ZIP archive with the time given in the Create logfile as name. The inputs and outputs is shown 
in Figure 77 and the corresponding logic in Figure 78. 

L V-CAN_Log_cteate T empotatylogfile. vi 

ITT-ClllJ--- refnum 
t-,;;;:;,..,.........,_ appended p.ath 

error in u,.. -·~-~ • error out 

Figure 77: Create logfile icon 

Figure 78: Create logfile block diagram 
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Log traffic 
The log traffic sequence consists several parts. It checks if the time has run out and if the user has 
canceled the process. The "Time Left" sub VI uses the millisecond timer to check if the time that the 
user has run out. It does so by comparing the value of the millisecond timer with the value that the 
"setRuntime" gave. The boolean Stop logging and ZIP is a button that the user can use to stop the 
logging manually. The logic is shown in Figure 79. 

@{I] !Writes traffic to text file and indicator in front panel l 

-----_-_-_-_--:_---...-=--=---~1:..-'=--,=_J,.fli~~~"'L..jll::'.._____________ _ 
1Q~~~~~~!",!!';'!',!" :::!ux,-~---•~•-~ 

1 

1 
\l-1.AStfl.llJlruvdl 

mr-JLA.111u1: ru1nnAAnnnnoruutft<1~ut1tRAMA1Wtflfl11n..nMnmtr"'1ru1rtJu 

te?I: 
·::ID·•r: ID l®I 

• .......... . 

Figure 79: Log traffic block diagram 

The "save and read" sub VI, shown in Figure 80, reads the bus and saves the information in a text 
file. Before saving it to a text file Log - String formats the CAN messages to strings, by removing 
some EOL and tabs. The sub VI sends the CAN messages to a table to show the traffic to the user. 

True .., 

··········,·············~ 
ilesize exceeded? 

························liD 

Figure 80: Save and read block diagram 
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Save log to ZIP 
When a Jog file exceeds 10 MB it is saved in a ZIP archive. This is done with the "Save log to Zip" 
VI shown in Figure 81. It closes the file and saves it to the ZIP. It then removes the temporary text 
file. 

!Get file size i 
' I ,; , ',, ., , ;' , ,,, ,, ,,,,, , r ,, ,, 

Figure 81: Save log to ZIP block diagram 
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4.6 Send Frame 
The tab Send frame, shown in Figure 82, makes it possible to send a manually composed message 
and at the same time observe the traffic on the bus through a table. The programming to get it to 
work is quite straightforward. It is based on a program from National Instruments that came with 
the drivers for NI-CAN USB-8473s. It can be found through NI Exampel Finder, Hardware Input 
and Output - CAN - Frame API - Basic - Transmit Receive same Port. 

4.6.1 Front Panel 

When pressing the OK button for Start Transceiver Mode the traffic will be shown in the table and 
the user will be able to send a manual message. The user will need to specify the Arbitration Id and 
the data to write and then push the write button. 

Qinfoliv 
T1111ho:t1v~ h•ntyp~ 

St.11tT1.:unctr:t f.lodt Slop t1.)11Htt~·t 111,:,dt, ( AlI H1')h jfittd 110K ISTOP 

(Afllo9A1h1tnt1,m J.1 0.:it.J ltn'.}th 
Tuu,.'..t:mlp !(1

~I 

1.VRJTEFRAf.tE 

Figure 82: Send fra~e ji-ont panel 
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The flowchart for the Send Frame is trivial, but the part that will be further explained is Write 
message. A flow chart over the functionality in Write message is illustrated in Figure 83. 

STftRT 

Get arbitration Id 

Write message 

END 

Figure 83: Send frame flowchart 
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4.6.2 Vital Sequences 
In this tab the write message will explained further, it is a basic function that is used in a similar 
way when a message need to be sent on the bus. 

Write message 

The write message is made mainly of two subVI, "Read" and "Send Frame", see Figure 84. The 
button "Write frame" boolean enables the "Send frame" to get the information it needs to send a 
frame. After the frame has been sent the traffic is then read with "Read" which sends the traffic to 
the table "CAN log". 
The "Write message" runs until an error occurs or the user presses the "STOP" button. 

Tr ansmlt one CAN frame 
Transmit, when 
the WRITE button 
is pressed, 

... 

CV 
200000001 

....,..-.. 

Read all 1 Oms the contents 
of the read buffer and display It, 
if new frames were received, [I] 

Update output Array Indicator, 
if new frames were received . 

For Extended IDs set 
the 3oth Bit to enable 
EXT Transmission 

Breakloopon error 
and the STOP button 

Figure 84: Write message flowchart 
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5 Conclusions 

Lab VIEW 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 languages it is 
important to follow the programming rules and conventions. Otherwise it will be almost impossible 
for 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 Sub VI:s and is highly recommended by the authors of this thesis. It has 
shown that a good CAN-interface can be made with Lab VIEW and we foresee that it is possible to 
replace the VCT with a NI 8473-USB in many cases. 

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 Lab VIEW combined 
with CAN can achieve. 

A continuation on the thesis 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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