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Product Overview

X-Analyser provides the following benefits:

e Modernised Graphical User Interface (reconfigurable)
e Improved message filter (stop and pass)
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e Dials and Gauges graphical display for CAN/LIN Signals
¢ Unified Diagnostic Services — Object Transmitter

e Multiple Message Trace, Signals, Scope Displays

¢ |Interactive Signal Editor — for reverse engineering

e Touch screen support — great for in-vehicle use

e Easy to use - Great as a training tool

The X-Analyser is a versatile Windows based development tool for Controller Area Network (CAN) and
Local Interconnect Network (LIN) based systems. The aim of the X-Analyser is to offer to the user ease of
use, flexibility, increased performance and more powerful features. The X-Analyser allows the user to
monitor, analyse and log bus data. It also allows CAN transmissions and a host of other facilities.

The table below gives a full comparison of the features available in each version. It should be noted that
features available depend upon the level of the license and options that have been purchased.

X-Analyser
Professional Edition Standard Edition Eco Edition
Multi-Raw Data Trace Yes Yes Yes
Display
Engineering Signals CAN & LIN CAN & LIN None
Signals/Database Editor Integrated & Standalone No
Multi-Signal Display Yes Yes No
Multi-Signal Scope Yes Yes No
Display
Dials & Gauges Signal Yes Yes No
Display
Stop /Pass Filters Stop & Pass Stop & Pass Stop & Pass
CAN-FD Virtual Bus Virtual Bus Virtual Bus
CANdb/LDF Support Yes Yes No
Import ASC Log Files Yes Yes Yes
Vector CAN Interface Yes Yes Yes
Support
Kvaser CAN Interface Yes Yes Yes
Support
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Kvaser LIN Interface

Support
Network Channels (7)

CAN/LIN Object

Transmitter

ISO15765 Object

Transmitter
Interactive Generator

Real-time CAN/LIN
Playback

Configurable GUI

Windows OS

Scripting (C#.net)

Scripting (T-Script) (2)

J1939 Option

CANopen

X-Analyser

Professional Edition

Yes

Unlimited

Unlimited

Yes

Yes - CAN & J1939

Yes

Yes

Yes

Yes

Yes

Yes

Standard Edition

Yes

Single Channel

Unlimited

Yes

No

Yes

Yes

Vista

Windows 7

Windows 8

Windows 10

No

Yes with compatible

Kvaser device

No

No

Eco Edition

Yes

Single Channel

Unlimited

No

No

Yes

Yes

No

Yes with compatible

Kvaser device
No

No

One interface needs to be nominated as the licensed interface that also acts as a dongle. For

mulit-channel versions of X-Analyser, unlicensed supported interfaces can be used for

subsequent additional channels.

2. Needs compatible Kvaser interface
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Quick Start Guides

Configuration Setup

Product Overview > Configuration Setup

The structure of X-Analyser Configuration setups.

X-Analyser has a much more dynamic appearance in its configuration structure. There are many functions
that are of modular forms. The modular components within X-Analyser form many structured features:
The Components tend to be broken down in two sub-categories — Panels and Documents. Panels are
anchored to the left and right edges of the display, and Documents are the main displays that are
featured in the middle.

For your convenience, X-Analyser has a default configuration that places the most commonly used Panels
in the display for you. On starting up X-Analyser, go to New Project and select Default Layout.

- H P By = Warwick Control Technologies X-Analyser 3 (Professional Edition)
Analysis Analogue Decoder Signals Tools X-Analyser 3:
| Save Project Start time limited analysis 7. Add Channel ]l
LS - S e 5 2
New Project Open Project Start  Show Configuration Clear All | Acquisition Time (seconds) 10 * "7 Load Database Channel
v Analy: Displays = Options
Analysis Channel Configuration
Select Hardware Interface

Default Layout
Please select a hardware interface:

B CAN Interfaces -
CANopen Layo! WCT Virtual CAN Interface 1 Basic Configuration | Advanced Configuration
Serial Number: 10407
11939 Layout WCT Virtual CAN Interface 2 Baud Rate: 500,000 (SP: 75.00%) - Custom
| Active Mode
Kvaser Memorator Pro 5xHS 0
Serial:
Kvaser Memorator Pro 5xHS 1
Kvaser Memorator Pro 5xHS 2
Kvaser Memorator Pro 5xHS 3 b4
« I
| Show virtual interfaces? oK Cancel

Let us consider the default display for the initial X-Analyser configuration. In the illustration below, the
default panels are shown, which include:

e Raw Data display

¢ Signals display

e Real Time Playback

¢ Signals Configuration

e Transmitter Configuration
e Statistics

e X-Analyser Status
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- H > & v Warwick Control Technologies X-Analyser 3 (Professional Edition) A = & x

| wrolvss | mologuenecoder  sonls  Toos X-Analyser 3: Licensed to: Warwick Control Technologies (%)
Ij I save Project ’ d’ w W Strttmeinited mayss ¥ Add Channel l@ - -

R gt Sncaionn et s 02 2o 2z Oj@CE Transmitter

Channel Configuration -
Real Time Playback O 3 >  RawDataTrace Scope ~  Object Transmitter oo
Load File N B TcOiciey okt [ | Autoscroli: [on [ | Clear Display | Save Log Load Log
No log file loaded for playback,
Play Timestamp Channel Direction Frame Name pld (hex) ¥ Frame Type Datalength Data Other Prop....
—
T el T Raw Data Trace Scope
R .l Time Playback »
Name| Value | Units Statlstlcs 4| WeTvinual canintert: *J
Rx Frames 0
Tx Frames o
\ . EmorFrames [0
Signals Panel o
- Tx Enor Frames [N/A
—= Status Window [TEg

Buslosd [0
- 00
Status Window ————

Severity Time Message
Info 09:24:15 Project dosed.
Info 09:24:19 Channel CAN 1is now mapped to interface WCT Virtual CAN Interface 1
Info 09:24:20 Project created from template Default Layout
READY
- H r By = Warwick Control Technologies X-Analyser 3 (Professional Edition)
“ Analysis | AnalogueDecoder  Signals  Tools X-Analyser 3: v3.1(
| I Save Project ’ $ " P Start time limited analysis [#2. Add Channel ]EE
] e
New Project Open Project | Start  Show Configuration Clear Al | Acquisition Time (seconds) 0 * "1 Load Database Channel
v Analysis Displays ht Options

Project Analysis Channel Configuration

Real Time Playback ;¥! Show Configuration (F8)

Ars Bl

Load File

Time Display: Autoscroll: Clear Display | Save Log Load Log

x

Display Mode:

Comegnents in the current project No Component Selected

Add Component +*
Signals ]
Scope (i}
Real Time Playback L]
Raw Data Trace i ]
Object Transmitter il
Frame Filter fi

You have not selecting anything to configure.

If you were to configure these individually from scratch, the set up would appear as shown. This is
accessed by selecting Show Configuration, and you will see all the default components that are provided
in the default configuration. If you wish to delete a panel, click on the bin to right of Component in
current project.

To add another component, click on Add Component, and you see the choices of components as shown
below. Here we will review Components that are possible within X-Analyser.
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s/ Add New Component - 0 x

Components are the key parts of the X-Analyser and control everything from what information is displayed and how to show it, to adding complex
filtering blocks and higher layer protocols.

Select which components you would like to add to your configuration.
Components »

Categories a2 Add New Component T s .

Components are the key parts of the X-Analyser and control everything from what information is displayed and how to show it, to adding complex

P rotocol S fl | filtering blocks and higher layer protocols.

Higher Layer Protocols Select which components you would like to add to your configuration.

Components » Signals

Components
Signals

Signal displays Scope Gauges
Display signals on an oscilloscope Display signals in gauges and dials

Scripting

Scripting

Signals Panel
Small signals panel

Here you can see in green the main Components that are immediately available. There more Components
with the Catagories (in blue). For example, if you select Signals Category, you will see that there are three
possible Components (Scopes, Gauges and Signals Panel). Under the other Catagories:

e Transport Layers will contain ISO 15765, J1939 and CANopen
e Triggering will contain Frame Trigger and Signal data Trigger

e Transmitters will contain Object Transmitters and Real Time Playback

Once any more Components are added or deleted, you may save this configuration for later call up. This is
done by clicking on the Save Project icon and saving your xfg file where you wish.

Classification of Components

Within X-Analyser, we have classified the Components depending on where they can be anchored within
the X-Analyser display. The two classifications are:

Documents

These are anchored in the middle of the display. Documents include:

Raw Data Trace

Scope

Gauges

Transport Layers (ISO 15765, J1939, CANopen)
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Panels

These are anchored on the edges of the display. These include:

Real Time Playback
Signals

Object Transmitter
Statistics

Anchoring

Documents

Documents can be grabbed via the mouse and dragged to a predetermined area in the centre area of the
main display. For example, to dock the Scope display into an area, go to the Scope tab on the main
display, left click with the mouse and hold. Drag the Scope window using the mouse arrow to indicate
location as shown below.

- A > & =
53 Analysis Analogue Decoder Signals Tools
- Save Proj Start time imited analysi
'J I e g ’ d} Wi L e
New Project Open Project Start  Show Configuration Clear Al | Acquisition Time (seconds) 10
o Anal Displays =

Project

Real Time Playback

© Load File

Raw Data Trace

Display Mode: Time Displa

Autoscrolk Clear Display | Savelog Load Log

Frame Id (hex) Frame Type Datalength Data

Timestamp Channel Direction

Location Indicator
Cross =)

Select Signals Export Zoom ~ Synchronise ~

The location indicator cross shows the possible anchoring positions:

e Split main display vertically left or right
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e Split main display horizontally left or right
¢ Place in middle with Raw display to selected by a tab.

=l > & v Warwick Control Technologes X-Analyser 3 (Professional Edition) m - & x
ﬂ Analysis Analogue Decoder Signals Tools X-Analyser 3: Licensed to: Warwick Control Technalogies ()
|J ) Save Project ’ &’ wl | W srtimeiied ansyss 2. Add Channel .‘EP
NewProjet  Open Pr Start | Show Configuraton Clear Al | Acquisition Trme (seconds) 10 *| | " LosdDotabase Channel
v o Analysis Displays = Options

Project Analysis Channel Configuration -

Real Time Playback O ¥ X  RawDataTrace ~  Object Transmitter o8 x

ime Display: | Absoute [l Autoscroll: |On M| | Clear Display | SaveLog Load Log 0frames

Load File

Nolog fie loaded for playback

Raw Data Trace Document

Configure
Name Value | Units

Reset

4 WCT Virtual CAN Interf: =
Rx Frames

Scope Document e

Select Signals Export Zoom

Severity Time Message

Info 09:24:15 Project closed.
Info 09:24:19 Channel CAN 1is now mapped to interface WCT Virtual CAN Interface 1
Info 09:24:20 Project crested from template Default Layout

In this example, we have moved the Scope window with the mouse arrow to indicate a horizontal split.
The result placement is shown above.
Documents as listed above can only be placed in the Centre area.

Panels

It is recommended that Panels reside in the side areas of the display. Indeed during default settings,
loading of Panels, they are arranged in the side areas. Panels can be grabbed via the mouse and dragged
to predetermined panel area in the side bars. Also, Panels can be anchored in the centre display. In the
example below, we move the Real Time Playback from the left top side bar to the right bottom side bar.
This will give more area for Signals for example. To perform this, left click on the mouse and hold on the
top of the Real Time Playback pane. Then drag it to the bottom right and place mouse arrow in bottom
box of the position indicator cross as shown below.
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[ L Warwick Cantrol Technologies X-Analyser 3 (Professional Editon) B - &
Anslyss | AndlogueDecoder  Sgnals  Took yser 3: v3.10. 7548canch. 7 Warwick Control Technologe
Ij Il save Project ’ & w, P setimeimied s 155 Add Channel }Eﬁ

Newf.maect Open Project

Start  Show Configuration  Clear Al | Acquisition Time (seconds) 10 "D Load Database  Chamnel
Analyss Displays i Optons.

Channel Configuration

Scope
Mode: Time Display: | Asoute [ Autoscrolt (on | | Clear Disploy | SaveLog Load Log

Real Tme Playback

L
Load File [Wplay

o log fle loaded for playback.

Drection Frame Name Frameld (hex)  Frame Type Datalength Data

Log Fie Ch.... Project Cha...

Configure
Name| Valve | Unis

Raw Data Trace

Other Prop....

Dframes

Reset
4| WCTVirtual A in
FRx Frames
TaFames 0
Emor Frames |0
R Error Frames |N/A
T Emor Frames |N/A
Bus State Uniniaised
Busload  [000%

Display Mode: | Fixed Position [0/l | Time Display: | Absolute [l Autoscroll: [On

=W ‘ Clear Display | Savelog Load Log

Timestamp Channel Direction Frame Name FrameId (hex)  Frame Type Datalength Data

Other Prop...

Message

PIOJECT Created T TampIate Leralit Layour
The channel CAN 1has been removed.
Project closed.

Channel CAN 1is nowmapped to interface WCT Virtual CAN Interface 1

Project created from template Default Layout [

So the resulting display will appear as below.
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~  Object Transmitter

Raw Data Trace

Display Mode: | Fixed Position [ll| Time Display: | Absolute [l Autoscroll: |On M| | Clear Display | Savelog Load Log 0frames
Timestamp Channel Direction Frame Name: Frame Id (hex) Frame Type Datalength Data Other Prop...
Statistics (=N B 4
Reset
4| WeTVirtual CAN mmﬁil
Fx Frames
Tx Frames [0
Enor Frames [0 .
« I »
—_—
Real Time Playback (=0 B 4
Load File
Mo log file loaded for playback.
Play
_—

It is possible to anchor Panels into the centre area of the display. The operation is the same as shown in
the section on moving Documents.

Copyright Warwick Control Technologies, © 2019. Last Updated: 20 July 2019

Quick Start for CAN

Quick Start Guides > Quick Start for CAN

First connect your interface to the computer then install all the necessary drivers. See Drivers for more
information.

Open X-Analyser by clicking on the program in the start menu.

This screen should appear after a short wait.
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R > v o+ Warwick Control Technologies X-Analyser 3 (Professional Edition) B - & x
B v | wsoownecde  Sos Tock X-Analyser 3 Licensed bo: Warwick Contral Technalogies (2
IJ | save Project ’ ﬁ o P Start time Imited analysis # Add Channel a._]
New Project OpenProject | Start  Show Configuration  Clear Al | scquisition Time (seconds) 10 2| | T Load Database Chamnel
- B | analyss Displays Lo = Options

Project Analysis (Channel Canfiguration

Click on the New Project button followed by Default Layout. The screen below will appear, select your
interface from the list the select the baud rate of the CAN bus that is being analysed.

Select Hardware Interface

Please select a hardware interface:

»

B CAN Interfaces
WCT Virtual CAN Interface 1 Basic Configuration | Advanced Configuration

Serial Number: 10407

WCT Virtual CAN Interface 2 Baud Rate: 500,000 (SP: 75.00%) ~ Custom

| Active Mode
Kvaser Memorator Pro 5xHS 0

Serial: 10407

Kvaser Memorator Pro 5xHS 1

Kvaser Memorator Pro 5xHS 2

Kvaser Memorator Pro 5xHS 3 v

« I

v Show virtual interfaces? oK Cancel

Then click OK, the screen below will appear.
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R (R Warwick Control Technologies X-Analyser 3 (Professional Edition) m - & x
“ Analyss | AnslogueDecoder  Sgnals  Tools X-Analyser 3: Licensed to: Werwick Control Technologes (7
- o,
B
Ij Il save Project ’ d" ] [P Start time kmited analysis ¥ Add Channel IEP
NewProject  Openproject = Start  Show Configuration Clear Al | acquisition Time (seconds) 10 2 | T Load Database Chamnel
= Analysis Displays Options

Analysis Channel Configuration

.
Load File Display Mode: | Fixed Position ] Time Display: | Absolute [l Autoscrol

Nolog file loaded for playback.

|| Clear isplay | SaveLog LosdLog

Play Timestamp Channel Direction Frame Name FrameId (hex)  Frame Type Datalength  Data Other Prop...

—

LogFie Ch... Project Cha...

Configure Reset |
Name| Value | Unis | WCT Virtual CAN Intert: =
R Frames
Frames |0

TxFrames |0
Emvor

Pix Evor Frames N/A
Tx Eror Frames [N/A
Bus State iuim
Busload  |000% -

Status Window Y
Severity | Message

Info Project closed.

Info Channel CAN 115 now mapped to interface WCT Virtual CAN Interface 1

Info Project created from template Default Layout

READY

Click Start Analysis in the top left and your data should appear if everything is set up correctly.

- H 5 - Warwick Control Technologies X-Analyser 3 (Professional Edition) B = & x
n Anslyss | AnsogueDecoder  Sgnais  Took X-Analyser 3 Licensed to: Warwick Control Technologes ()
Hl Save Fro %7 Add Channel
O A B > I
MewProject  OpenProject | Stop  Show Configuration  Clear Al 5 7 LoadDatabase  Channel
- Displays Optons

Project Analysis (Channel Configuration -~

Raw DataTrace X

Load File Display Mode: | Chronologcal [l Time Display: | Absoute [l Autoscrolt: [off [l ! Clear Display | Savelog Load Log 13996 frames
Log fie XA3 Demo short drive. xalog
Stop Timestamp Channel Drection Frame Name. Frame 1d (hex) Frame Type Datalength Data Other Prop...
99.09:00:13.614657 AN 1 TxReq oxs3e Std. Frame 7 36 99 7C FF C0 90 0@ -
| r—— 00.00:00:13.6166838 CAN 1 TxReq ox480 Std. Frame 8 2C 6C 28 5D 2B F8 24 C4
£0.09:00:13.6206991 a1 TiReq exa33 sta. Frame s 89 10 62 00 60 28 08 B0
Log Fle Ch... | Project Cha... 00.90:00:13.6216856 N1 TxReg ex360 Std. Frame 8 10 61 €9 3A @4 6@ 80 43 [
7 cant AN 1 00.00:00:13.6267831 can 1 Txreq ex200 std, Frame 7 02 6C 01 BC 02 60 08
£0.60:00:13.6276872 can 1 TiReq ex20 Std. Frame s 91 81 65 FF FF 81 84 80
ee.ee:00:13.6306339 AN 1 TiReq ex3ee std. Frame s 1e 61 80 34 04 @ 88 43
Configure CAN 1 Txkeq oxspe Std. Frame 8 2C 76 28 5D 28 OF 24 C1 Reset
Nome] Valve| Unts 3 a1 TXReq ax200 5td. Frame 7 82 6C @1 BC 82 &0 80 Y &
90.00:00:13.6407046 CAN 1 TxReq ex23e Std. Frame L) @1 21 66 FF FF 01 B4 B0
£0.00:00:13.6437376 (AN 1 TxReq exa38 std. Frame 7 36 80 7C FF C0 89 00 TxFrames |14065
00.00:09:13, 6486781 can 1 Trkeq exzse std. Frame s 18 61 82 1A 84 58 80 43 Emor Frames |0
90.09:00:13. 6526592 a1 TxReq ex21e std, Frame 7 FF FF 30 AR 90 20 84 PR Eror Frames [N/A
199.09:00:13.6546753 AN 1 TiReq axape Std. Frame 8 2 76 28 67 28 87 A DS T Emor Frames [N/A
99.08:00:13.6576767 AN 1 TxReq xzee Std. Frame 7 ©2 6C 81 BC 62 62 08 Bus State  Online.
99.90:99:13.6591694 can 1 TxReq ex23e 5td. Frame L] 01 @1 66 FF FF 01 B4 B0 Bus Load 10.64% -
£0.09:09:13. 6626827 AN 1 TxReq X368 std. Frame [ 10 61 62 34 84 60 60 43 M ] »
Severity Time Message
Info 10:00:07 Project dlosed.
Info 10:00:09 Channel CAN 1is nowmapped to interface WCT Virtual CAN Interface 1
Info 10: Project created from template Default Layout
Info Analysis started at 14/03/2018 10:03:28

Raw Trace Features

e Display Mode - Chronological shows frames in chronological order as frames come through. Fixed
Position shows frames grouped by ID.
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e Time Dlsplay - Relative shows the update rate of the message relative to the previous frame with
the same ID. Absolute shows the time since analysis was started.

e Autoscroll - When ON the raw trace display will show the most recent frame at the bottom of the
display. When OFF you can scroll through previuos frames. NB - when selecting a frame with
Autoscroll ON it will turn OFF and the display will stop updating.

CAN Example Project

We have provided with X-analyser an example project of a short car journey when connected to a Ford
Fiesta's CAN bus. This can be acccessed via Documents -> X-Analyser 3 -> Examples -> Drive Project.
This contains a configured project .xfg and log file to play back data .xalog for the project.

Copyright Warwick Control Technologies, © 2019. Last Updated: 20 July 2019

Quick Start for LIN

Quick Start Guides > Quick Start for LIN

X-Analyser can view LIN frames in a similar manner as CAN frames. This section will describe the interface
setup, configuration and collecting LIN data with a Kvaser LIN interface.

Interface setup

Ensure the LIN interface is powered from the vehicle or unit to be tested. Refer to the Kvaser hardware
notes for full information. The connections are briefly covered here. Ensure the following pins are
connected on the D 9 connector of the Kvaser LIN interface:

e Pin 9 - 12 volts power
e Pin 3 - Ground
e Pin7-LIN bus

Once the interface is connected, powered and plugged into the USB port of the computer, In main
display, select Add Channel. In here you will see options available to you. If the LIN interface is connected
and powered, the drop-down box will include the LIN interface as an option.
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Create Channel X

Selected Interface Kvaser Leaf Professional LIN 0 i

Channel Name LIN 1

Create Cancel
Create Channel x
Selected Interface | Kvaser Leaf Professional LIN 0 -
Kvaser Memorator Pro 5xHS 3 -

Channel Name Kvaser Memorator Pro 5xHS 4
Kvaser Virtual CAN Driver 0
Kvaser Virtual CANM Driver 1

Random CAN FD Generator J
Random LIN Generator I
Kvaser Leaf Professional LIN 0 v

Select the LIN interface and give the Channel a Name (e.g. LIN 1). Click on Create. To configure the
channel to the correct data rate and LIN version, click on Channel Options. Here you will see the LIN data
rate and LIN version options. Also, it will ask you if the interface is to be used as a Master. In most cases,
this box will be ticked. It is possible to have X-Analyser emulate a Slave node for test purposes.

Warwick Control Technologies © 2022



X-Analyser User Manual

LIN 1 i Configure channel LIN 1
iKvaser Leaf Professional LIN... i
Add Channel Name: LIN1

Interface Configuration

Channel Interface: | Kyaser Leaf Professional LIN O SN:#10161

Click on Close, and your LIN channel is ready to go.

If configuring from New Project -> Default Layout, ensure to configure a LIN channel there. You may

Baud Rate: 9,600 =
LIN Protocol Version: LIN 2.x -
| LIN Master

add CAN channels to the project by the usual Configure Channel means.

On selecting the start button, you will see LIN frames in the Raw Data Trace display as shown below.

Here you will see the LIN Frame particulars:

e Timestamp
e Assigned Channel

Raw Data Trace
Display Mode:  Fied Position ~ | Time Display: Absolute - || Clear Display ' Save Log Load Log
Timestamp Channel Direction Frame Id (hex) Frame Type Data Length Data
» [00:02:33.0030000 LIN 1 Rx oxee1 SlaveResponse 2 8@ 00
©0:91:16.0080000 LIN 1 TxReq 2x002 HeaderResponse 8 90 ©F 00 60 00 00 09 00

e Direction — This is the direction of the LIN data (message response).

e Frame Identifiers (IDs)
e Frame Types
o Slave Response - Master Header/Slave Response
o Master Request — Master Header/Master Response

o Header Response — Viewing nodes on the bus (Master and its Slaves)

e Data Length Code (DLC)
e LIN Data
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Importing legacy files from X-Analyser 2

Quick Start Guides > Importing legacy files from X-Analyser 2

With the new features and enhancement in X-Analyser version 3, there are some areas that need defining
when loading in files generated in X-Analyser version 2. In this section, the following file formats are
covered

e Capture files - .cpr

o To view

o To Playback
¢ Signal files - .sig or .dbc
¢ General Transmitter files - .tmr
e Object Transmitter files - .otr
o Filter files - .ftr
e Trigger files — tgr

Loading Capture files - .cpr

Capture files that were generated from X-A 2 can be loaded into X-A 3. There are two modes for this. One
is to load a .cpr file to view the messages chronologically. The other is to load the .cpr file into the
Playback memory for Real-time Playback.

To load the .cpr for playback, ensure there is a Real-Time Playback Component in the main display. To
do this, go to Analysis at the top. In Analysis select Show Configuration. This will show you what
components are available for the main display. If the Real-Time Playback component is not there, select
Add Component, and select the Transmitter Category.
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- > & - sy
| et e e sy 7. Add Channe! ]@ Components are the key parts of the X-Analyser and control everything from what information is displa
e filtering blocks and highet layer protocols.
Al | acquisition Time (seconds) 10 T Load Database O\m
» - N Select which components you would like to add to your configuration.
Components » Transmitters
FYE e W =/ Add New Component b
Configure play Mode: |  Components are the key parts of the X-Analyser and | everything from what is daplayed and how| Components

fitesing blocks and higher layer protocols.

Select which components you would like to add to your configuration.
Components »

CANopen NMT Tran... | Object Transmitter

Transmits CANopen Network Management Transmit a smple sequence of frames
Messages

Add Component Categories

Signals Analogue Decoders

Mogue Pro s Real Time Playback

Replay a logged sequence of CAN frames
Scope

Real Time Playback

Signals Transmitters

Sgnal dspiays Frame ansmitters
Raw Data Trace 1]
Object Transmitter o
Scriptin
Frame Filter i} Hied

Scripting

In there you will see the Real-Time Playback component. Select that, and it will automatically appear on
the main display. Close the configuration windows and you will see the Real-Time Playback in the main
window.

- e » & = Warwick Control Technologies X-Analyser 3 (Professional Edition) B -
Andlyss | AndlogueDecoder  Sgnols  Tooks X-Analyser 3: v3. 10.60-can-fd-2017.379 +Branch. feature jcan-fd-2017  Licensed to: Warwick Control Tech
l'j |l Save Project ’ ,d' "O B Start time imited analyss: 1% Add Channel ]
4 s
New Project Start  Show Configuration Clear All - | = Channel
- Open Project ik s | Acausition Time (seconds) 02 Load Database Pk
Project Analysis Channel Configuration

R ce Rea
mspl.ymadc Time Display: | Absolute | Autoserolk: (on [N | | Clear Display | Savelog Loadlog | LoadFile

Mo log fie loaded for playback.

Tmestamp Channel Direction Frame Name: Frameld (hex) FrameType Datalength  Data
Play

Log File Channel Project Channel

In the Real-Time Playback window, select load File. Browse to where your .cpr files are and select a file as
you would in X-A 2. Once the file is selected, you will see a warning message to ensure that your playback
file is assigned a channel. Select a channel, hit OK.
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= Configure Channel Mapping -0 x

Warning: The log file that has just been loaded needs to be assigned to a channel within X-Analyser
3.

= Channel Narme i M Interface
;" CANM 1

oK Canoel

After selecting the Start button in the main display, in the Real Time Playback plan select the Play button.
Once the playback starts, you will see a status bar showing the time remaining on the playback.

Real Time Playbac o x
Load File
L file 200711851200 Fissta Jowrmiy. ope riady.

] Time Ramainirg
ko] 10m, 485, 169ms

Loading Signal files - .sig and .dbc

Ensure there is a Signals panel on the main display. In the Main panel under Signals, select Load
Database. Here you will see the display panel for selecting the channel and explanation of file formats
that can be utilised besides .sig and .dbc. In this panel select Load Database, browse and select a .sig or

.dbc file as you would in X-A2.

Once a file is selected, the X-A3 will ask you if you want to link the file at its location, or embed the file
into this session. Most cases, you will embed the file.
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Database signals for CAN 1

Signal Editor

T sesssesss owp

.deﬁrﬁmﬂﬂtdmmm&mmﬂslglﬁ within a network can be loaded
from database file formats such as .SDF, .SIG and .LDF, as well as alternative formats such as
.DBC.

Each channel has its own list of databases assodated with it. Select the channel you want to
modify from the list on the left hand side.
[uodm
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Load Database x

If this project is being shared between a number of developers it is easier to embed the
database, this ensures that everyone is working with the same version of the signals
database.

Link Databases
Embed Database

Cancel

Once you have closed the Load Database window, back in the main display and in the Signals plane,
configure the desired Signals for viewing by clicking the Configure button. Configure your signals as
covered in section X.X.

Loading Transmitter files - .otr and .tmr

X-Analyser has a different setup than X-Analyser 2 for configuring transmitter functions. Transmitter files
are now stored in the Project file - xfg. Refer to the section on setting up transmitter routines. To load
legacy X-A 2 transmit files (.otr & .tmr), the following must be considered.

To utilise existing General Transmitter Files (.tmr), there are two ways of importing.

First method is to click on the Import Configuration button in the Object Transmit taskbar.

- H > = Object Transmitter
File Analysis Analogue Decoder Signals Tools Transmitter
) ) W 11)) Start Al f’
Export Import New Transmitter giop pl Delete
Configuration Configuration Al
Configuration A Transmit Tasks A

Import Configuration EUNN=I=RIETS

" Load File Display Mode: | Fixed Position | "B | Time Display:
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Then browse until you find the legacy X-A 2 .tmr file you wish to use. You will note in the Transmit Task
window, that each line is assigned a delay time. This is similar to setting up multiple Object transmitters. It
is possible to set each line individually, or perform a global setting for all the messages. This is done by
right clicking on the Delay column and selecting Set all Delays.

o Transmit Task o E = | x
Task Name:
Task Description:

Keyboard Shortcut: | None v
Enable auto-repeat

Transmit List
Delay (ms) Transmitter Frame Type Frame ID Frame Length DO DI D2 D3 D4
|- 10 CAN1-CANfame  Extld 18FEF600 8FF 00 ® F FF Immrt Tmr
- 10 CAN 1-CAN frame Extld OCF00400 8F0 M B8 O 14
= 10 CAN 1-CAN frame Ext Id 0C000003 8F8 FF FF FA |FF
. 10 CAN 1-CAN frame Extld 0CF00203 8CC OO 00O 0O F C 13 F
& 10 CAN 1-CAN frame Extld OCFO0300 4F1L 00 0B 00 F F W F
= 10 CAN 1-CAN frame Ext1d 0C000003 4FE FF [FF FA FF FF FF FF
c 10 CAN 1-CAN frame Ext Id 0CF00203 8CC 00 00 00 FF D8 13 FF
x 10 CAN 1-CAN frame Extid 18FEF 700 aF F FF FF 2% 02 F F
. 10 CAN 1-CAN frame Ext1d 0C000008 8FC FF FA FA FF FF FF FF
> 10 CAN 1-CAN frame Extld 0CFD0400 8F0 7 8 5 14 00 00 FF
= 10 CAN 1-CAN frame Ext Id 18F00100 BFF F F OC F FF FF FF
. 10 CAN 1-CAN frame ExtId 0C000003 8F8 FF FF FA FF F |FF FF
s 10 CAN 1-CAN frame Extld OCF00203 8CC 00 DO 00 FF D8 13 FF
- 10 CAN 1-CAN frame Ext1d 18F00503 8™ FF FF D F F F FF
= 10 CAN 1-CAN frame Ext Id 0C000003 8F8 FF FF FA FF FF FF FF -
oK Cancel

It is possible to have the routine cycle by clicking on the Enable auto-repeat box. Once you click OK and
return to the main display, you may start your transmit routine by clicking on the Start button, then
clicking on the Transmitter button in the Object Transmitter pane.

While the transmit routine is running, you will see the Transmitter button flashing. It is stepping through
each of the messages in sequence of the file loaded.

The other method of loading a legacy General Transmitter (.tmr) file is to click on Add New Transmitter,
then select the Import TMR button. Then follow the same procedure as above.

To utilise legacy Object Transmitter (.otr) files, you may only do this by using the Import
Configuration button as described above.
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Inject Error Frames

Quick Start Guides > Inject Error Frames

Injecting Error Frames Using a Kvaser CAN Interface

To send an error frame onto the CAN bus you must add an Object Transmitter as shown below:

a7 Transmit Task ~;  dmbk 37
Task Name: Transmitter 2
Task Description:
Keyboard Shortcut: | None v
Enable autorepeat
Transmit List Add Row
Delay (ms)  Transmitter Frame Type Frame ID Frame Length
~ :: ................................ t | Delete Row
i = 0 CAN 1 -CAN frame iExtId ~ { 00000000 0
Std Id ] Set All Delays
Std Id, Remote
ExtId
Ext Id, Remote Copy
Error Frame
Paste
Import Tmr
Load Schedule
OK Cancel

When you activate the Object Transmitter with X-Analyser running you will see something like this:

Raw Data Trace > [l ¥ Object Transmitter

| Time Display: | Clear Display | Savelog LoadLog b

Display Mode: | Chronological [l Add New Transmitter Import

Error Frame Transmit

Timestamp Channel | Direction | Frame Mame | FrameId (hex)  Frame Type Datalength  Data

v i BB:8O:25.6198642 CAN 1 | TxReq axees Error Frame @ Error Frame :
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Quick Start for Picoscope Configuration

Quick Start Guides > Quick Start for Picoscope Configuration

Supported Devices

PicoScope 2206b

Other 2000 series Picoscope's may work but they have not been fully tested.
Picoscope Configuration

- Connect a Picoscope to USB and run X-Analyser.

- Select Analogue Decoder tab at the top of X-analyser screen.

- Select Configure Decoder button in Analogue decoder tab.

W H B @ v ¥ Object Transmitter
S
& ,
k=l Save Project ' 3 'f‘ P Start time
New Project OpenProject | Start  Show Configuration Clear Al | Acquisition Tim
v Analysis Displays
Project _ Analysis

Raw Data Trace Scope NMEA 2000 Ms

Load File Display Mode: | Fixed Position -ll Time
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- H P v = Object Transmitter

Analysis Analogue Decoder Signals Tools Transmitter

Configure Decoder

CAN Decoder 4

- The Configure Decoder window shall then open.

- Firstly make sure the correct picoscope interface is showing through serial number.

Configure Decoder x

Configure CAN Decoder

Select Hardware Interface

Analogue Hardware Interface: | Picoscope PS2206 SN: #ET313/0046 v

Next >

- Then select Next.

- The next Configure Decoder window shall show settings for Sample Rate and which channels are
enabled.

- These settings can be left as their default settings for reading both CAN-H and CAN-L. The Sample
Rate can be adjusted for more or less accurate collections.
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Hardware Configuration

- Then select Next.

- The next Configure Decoder window shall allow settings for Baud Rate, Input Type and Voltage
Threshold. Normally only the Baud Rate will need setting. Settings for Input Type and Voltage
Threshold shall be explained later, this is for just reading CAN-H or CAN-L electrical signals. Timing
settings will also be explained later within the manual.

Warwick Control Technologies © 2022



X-Analyser User Manual

Configure Decoding

Name | CAN Decoder

- Then select Next.

- The next Configure Decoder window shall appear, the user will just need to select Finish.
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Configure Decoder x
< Configure CAN Decoder
Completing the wizard

The decoder will be configured when you dose this wizard.

A new data trace window will be created to display the decoded frames and a scope trace window will be added to display the analogue
waveform for the selected frame.

Cancel

- This is the setup of the Picoscope channel completed you shall now see on your X-analyser
application show a Analogue Network Analyser tab.

W H P v = Warwick Control Technologies X-Analy
“ Analysis | Analogue Decoder Signals Tools
Ij I+l save Project ’ d" % | » start time bmited analyss J# Add Channel ]EE]
W i ' s
New Project Proi Start  Show Configuration Clear Al | Acquisition Ti ds 10 * "1 Load Database Channel
i Open Project ftrgie® ortarda cquisition Time (seconds) = Options
Project Analysis Channel Configuration

Real Time Playback O x Raw Data Trace Scope

Export All

© Load File % Export Frame

Collecting/Analysing Waveforms

- Once the Picoscope channel is configured it can then be used to collect and analyse waveforms
when connected to CAN bus. This is done by selecting Start Analysis and watching the frames come
through.

Warwick Control Technologies © 2022



X-Analyser User Manual

Analogue Network Analyser &
© ExportFrame Export All
| Frame ID Vﬁmﬂn Decoding Status

»  Ox18EEFF 10 oK
Ox7FF oK

Value: 1 W soF
Duration:10 bit(s;
Time: 19.87 s

3600

o7 N 10513 12265 140.18 157.7 7522 19274 21026 22778 24531 26283 28035 29787

3504 1752 0 1752 35,

- The tool tips will highlight CAN-H, CAN-L and differential voltages when using the cursor. You can
also use the Shift key and cursor at the same time to zoom in on part of the waveform.

T —— T
10045 10175 10306 w0436 10566 10697 10827 [ uoss 1219 1349 148 1161 174 1871 12000 12132 e B9 153
[s]

- You can also use the Ctrl Key and + or — to generically zoom in and out.
- These waveforms can also be exported into an excel file showing Voltage values and other data at

the sample point. This is done by using Export Frame to export a single frame that is selected and Export
All to export all frames on that collection.
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Analogue Network Analyser
Export Frame Export All

Frame ID
» Ox18EEFF10
Ox7/FF

Picoscope Settings

PicoScope Configuration:

Sample Rate

150 ns is a default one. If your analysis does not run, it means your PC is not fast enough. Try to increase it
to 200 ns or even higher values, but keep in mind we need at least 5 samples per bit.

If you want to sample just one channel, you can try lower sample rates — 100 ns.

Channels

Select Channel A if you want to sample CAN_H or CAN_L.
Select both Channels if you want to sample both CAN_H and CAN_L simultaneously (= differential mode).

Range
5V is correct for the CAN bus.

Baud Rate
Select the CAN baud rate

Input Type

If you sample both CAN wires, select Differential. Otherwise select Low or High.
Make sure that both Picoscope channels are enabled if you want to use the Differential Mode.
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Voltage Threshold
Threshold for logic values, the following are suggested values for all Input Types:
Differential Mode = 1,5V

CAN_High =3V
CAN_Low =2V

First wait for EOF
Keep it checked for Picoscope.

Timing parameters
Fine tuning of timing parameters of the CAN Decoder. Does not need to be changed.

Decoding from CAN_H or CAN_L only

There could be scenarios in which you may wish to examine CAN_H or CAN_L only and decode only from
this line, e.g.:

CAN_H or CAN_L grounded so you may want to look at the other line

Decoding from a single line may allow faster sampling rates with the PicoScope (depending on the
drivers of the PicoScope model)

To configure the X-Analyser and PicoScope for decoding from CAN_H only change:
In the Picoscope channel configuration, Enable for Channel A, untick Enable for Channel B

In the CAN Decoder, change Input Type from Differential to High and Voltage Threshold to 3
volts (because CAN_H goes from 2.5V to 3.5V during the dominant bit)

To configure the X-Analyser and PicoScope for decoding from CAN_L only change:
In the Picoscope channel configuration, untick Enable for Channel A, Enable for Channel B

In the CAN Decoder, change Input Type from Differential to Low and Voltage Threshold to 2
volts (because CAN_L goes from 2.5V to 1.5V during the dominant bit)
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Installation of X-Analyser

This section of the user guide will guide you through installing X-Analyser on your PC.
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System Requirements
Installation of X-Analyser > System Requirements
Processor:Intel Core 2 Duo 2.6 GHz

Memory (RAM): 2 GB

Hard drive capacity: > 1.5 GB (depending on options used and required operating system components)
Screen resolution: 1280 x 1024
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Installation of Software

Installation of X-Analyser > Installation of Software

Please ensure that you have installed .NET v4.6.2 Runtime framework before installation.
It can be downloaded from the link below

https://www.microsoft.com/net/download/all
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e Open up the email that you will have received and click on the download link for X-Analyser. Save
the file onto your hard disk and then double click on it to start the installer.

e A warning message may appear regarding the safety of the file, please click allow.

¢ Automatic installation will commence. Follow the instructions on the screen as they appear.

e |If at a later date the removal of X-Analyser from the hard disk is required, Add/Remove programs
should be used from Control Panel. Within Add/Remove Programs, X-Analyser should be
selected before pressing the Add/Remove button. The instructions should then be followed to
uninstall all X-Analyser components from the hard disk.

e Any user files will not be removed during uninstallation or version upgrades.
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Licensing

Installation of X-Analyser > Licensing

A valid license must be present for the X-Analyser to start. A 30-day trial license can be obtained from
Warwick Control by contacting sales@warwickcontrol.com.

When X-Analyser is started for the first time it will prompt you to locate your license file. This will have
been provided to you by your Warwick Control sales representative.
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Driver Downloads

Installation of X-Analyser > Driver Downloads

Drivers for your interface can be found at the manufacturers website.
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Kvaser http://www.kvaser.com/en/downloads.html

Softing http://industrial.softing.com/en/downloads.html

Copyright Warwick Control Technologies, © 2019. Last Updated: 20 July 2019

X-Analyser User Manual

Interface Pin Out

Installation of X-Analyser > Interface Pin Out

Below are the CAN and LIN pin-outs of the D-SUB plug. These are shown in the table below the diagram.
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The CAN channel has a 9-pin D-SUB plug.

1

©

P 3 4 5
T T
A —
8 7 8 9

The D-SUB connector pin numbers

D-SUB
Pin number

1

LT - T - - R -

Low Speed

Mot connected
CAN L
GND

Mot connected

Shield

Mot connected
CAN H

Not connected

Reference power

High Speed

Mat connected
CAN_ L
GND

MNat connected

Shield

Mot connected
CAN H

Not connected

MNat connected

SWcC

Mot connected
Mot connected

GND
Pull-down

Shield
Mot connected
CAN H

Mot connected

Reference power

resistor;
see chapter 3.6.1.

LIN

Mot connected
Mot connected
GND

Mot connected

Shield
Mot connected
LIN_BUS

Mot connected

Reference power

Warwick Control Technologies © 2022




X-Analyser User Manual

9 16
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Figure 10: OBDII Connector pin Numbers.

OBDII
Pin number
4 Shield
5 GND
6 CAN_H
14 CAN_L
16 Reference power (not used)
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Signals
Main Features > Signals

This section will show you how to set up Signals on XA3.

Please start from this screen:
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Warwick Control Technolagies X-Analyser 3 (Professional Edifin)

- Andyss | AnsogueDecoder  Sgnals  Toos X-Analyser 3:
- (3
|j Il Save Project ’ &' w | Surttneinited sy %7 Add Channel IEP
New Project Open Pr Start  Show Configuration  Clear Al | cquisition Time (seconds) 10 3| | "7 Load Database Channel
™ L pnaysis Displays = Options
Ansiyss Channel Canfiguration

Load File
Nolog file loaded for playback.
Play

—

Configure

Name| Value | Unis

LogFie Ch... Project Cha...

| - & x
Licensed to: Warwick Control Technologies ()

.
Display Mode: | Fixed Positon [ | Time Display: | Absolute [l Autoscrolk: on ﬁll Clear Display | Savelog Load Log Oframes

Timestamp

Channel Diection  Frame Name: FrameTd hex)  Frame Type Datalength  Data Other Frop...

| WCT Virtual CAN Intert: =
R Frames I

TxFrames |0
Ervor Frames |0

R Emor Frames |N/A

Status Window

Severity
Info
Info
Info

| Message

Project closed.
Channel CAN 1 s now mapped to interface WCT Virtual CAN Interface 1
Project created from template Default Layout

Click on the Load Database button at the top of the screen.
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CAN 1

WCT Virtual CAN Interface 1 SN:#0

Database signals for CAN 1

Signal Editor

‘l MﬁsageNlme‘Mmogeld | Message Length

T esemsssss T

Network definitions that describe the messages and signals within a network can be loaded
from database file formats such as .SDF, .5IG and .LDF, as well as alternative formats such as
DBC.

Each channel has its own list of databases assodated with it. Select the channel you want to

modify from the list on the left hand side.

You can then input your signal data or load it from a database. Then click close and it will be loaded into

your project.
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Transmitters

Main Features > Transmitters
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This section will show you how to set up Transmitters on X-Analyser.
Please start from this screen:

N P & - Warwick Control Technologies X-Analyeer 3 (Professional Editon) [ =R L e
Analysis | AnslogueDecoder  Signals  Tooks X-Analyser 3: icensed to: Warwick Control Technologies (3
. ~ o
(Y
|j Hsoerora | P d’ wl | P stttecoted andyss ¥ Add Charnel IEEI
New Project o Start  Show Confiuration Clear Al ion Time (seconds 10 = | 7 Load Database Chamel
i Open Project ek Acqusi (seconds) - Ontons
Project Anaiyss Channel Canfiguration -

Load File Display Mode: | Fixed Positon I | Time Display: | Absolute [l Autoscroll: |On -|! Clear Display | SaveLlog Load Log Dframes

Nolog fle loaded for playback.
Play Timestamp Channel Drection  Frame Name. FrameTd hex)  Frame Type Datalength  Data Other Prop...

f——

LogFie Ch... Project Cha...

Signais x b x
Configure Reset
Name] Value| Unts 4] WCTVirtual CAN Intert; *

Rx Frames

TxFrames [0

Evor Frames |0

Rox Emor Frames |N/A

T Enor Frames [N/A

Status Window

Severity Time Message
Info 10:00:07 Project closed.
Info 10:00:09 Channel CAN 1is now mapped to interface WCT Virtual CAN Interface 1
Info 10:00:10 Project created from template Default Layout

Click on the add new transmitter button
e Transmitter taskbar

w H P v = Object Transmitter
File Analysis Analogue Decoder Signals Tools Transmitter

¥ 3 W 11)) Start Al x

Export Import New Transmitter | stop All Delete
Configuration Configuration Al

Configuration ) Transmit Tasks 4

Real Time Playback . New Transmitter [=3 Scope

Load File Display Mode: | Fixed Position [T [l [ Time !

e Right clicking in the Object Transmitter window.
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Object Transmitter o® X

L Add New Transmitter |

This screen should appear:

Change the task name and insert your data by clicking Add Row and selecting the frame options i.e.
Frame Type, then click OK.
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a7 Transmit Task - 0O x
Task Name: Engine On
Task Description: CAN frame for ignition on
Keyboard Shortcut: None v
Enable autorepeat
Transmit List i ) _ ) ) Add Row
Delay (ms)  Transmitter Frame Type Frame ID Frame Length DO DI D2 D3 D4 D5 D6 |D7 =
Delete Row
s 0 CAN 1-CAN frame ExtId 003F358C 800 00 00 OO OO 20 00 OO
Set All Delays
Copy
Paste
Import Tmr
Load Schedule
OK Cancel

You can also import a transmitter by clicking Import Configuration in the object transmitter taskbar. You
will then be prompted to select the file.
It will then appear in the Object Transmitters list (top right), pictured below:

- A > G- o® Object Transmitter Warwick Control Technologies X-Analyser 3 (Professional Edition) H - & x
“ Analyss | AndlogueDecoder  Sgnals  Tooks  Transmitter X-Analyser 3 Licensed toz Warwick Control Technologies  (3)
Ij |l Save Project ’ & vl P Start time limited analysis | Add Channel ]EE
Niew Project Pr Start  Show Configuration Clear Al | Acouisiton T 10 *| | 70 LoadDatabase Channel
Pr Open Project ime (seconds) G

Analyss Channel Configuration

Raw Data Trace Scope hll Cbject Transmitter 08 x

Load File Display Mode: | Chronological [l| Time Display: | Absoute [Ji] Autoscrolk: [on [ Ill| | Clear Display | Savelog LoadLog 0 frames

Na g fie loaded for playback

Play Timestamp Channel Cirection Frame Name Frame Id (hex) Frame Type Datalength Data Other Prop

f—

Log File Ch... Project Cha...

Configure

Name| Value | Unis

Enor Frames [0
R Enror Frames -iNfA
T Eor Frames [N/A
[ Pl Ko
Baliad 000
+ I

Time Message -

vy o e e T SRy

— o e
10:35:39 The channel CAN 1has beenremoved.

10:35:39 Project closed
Info 10:35:40 Channel CAN 1is now mapped to interface WCT Virtual CAN Interface 1 =
Info 10:35:40 Project created from template Default Layout

This button can then be pressed to transmit the signal at any point while running X-Analyser
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Object Transmitter Taskbar

- H > = Object Transmitter
File Analysis Analogue Decoder Signals Tools Transmitter
e 9 T 11)) startal
Export Import New Transmitter giop pl Delete
Configuration Configuration Al
Configuration A Transmit Tasks A

Import Configuration ELRVCI-RIE S

* Load File Display Mode: | Fixed Position | B | Time Display:

e Export Configuration - Exports the transmitters created in the Object Transmitter window to a
file in a .xatx format.

e Import Configuration - Imports .xatx, .otr, and .tmr files into the Object Transmitter window.

e New Transmitter - Creates a new trasnmitter.

e Start All - Starts all transmitters at the same time.

e Stop All - Stops all transmitters at the same time.

o Delete All - Deletes all transmitters.

LIN Object Transmitter

For LIN object Transmitters only one schedule can be loaded into one transmitter. Then only one
transmitter can be sent at any one time. For example;

Object Transmitter O R X

Each transmitter contains a LIN schedule so either Schedule 1 can be trasnmitted or Schedule 2 can be
trasnmitted. They cannot be transmitted at the same time.
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Display Filters

Main Features > Display Filters

This section describes the capabilities provided by the Filter Editor, which allows you to visually build
filters:

7 Fitter Editor X

And

[Frame Name] Begins with Ox1F

‘... [Direction] EquaisiR

5
i

oK Cancel Apply

How to Construct a Simple Filter Condition

Basically, filter conditions specify what data to select from a data source and display in a data-bound
control. A typical simple filter condition consists of three parts: the column/field name, operator and a
value(s). For instance, '[Frame Id] = OxTFAAOQOFQ' is a simple filter condition, where '[Frame Id]'" is a field
name, ‘=" is an operator and 'Ox1TFAAOQOFQ' is a value.
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This condition when applied to a data-aware control will display records that have values in the Frame Id
column equal to OxTFAAQOFO. Here is how to create this condition via the Filter Editor.

Invoke the Filter Editor.

To invoke the Filter Editor in a grid control, right-click any grid column's header and select the Filter
Editor option.

Display Mode:|Fixed Position .| Time Display: Autoscroll: | Clear Display ‘ Save Log =

Timestamp Channel Direction ¥ Frame Name = = =ne Type Datalength Data
: > + 2] Sort Ascending
» iE ee.ee:27:12.8481082 CAN 1 TxReq Engine Pari

Frame g 27 28 oo e o]

Z]| Sort Descending
:i’J Group By This Column
4 Hide Group By Box
Hide This Column
[E| Column Chooser
+A+  Best Fit
Best Fit (all coclumns)
Y Filter Editor...
Show Find Panel

Show Auto Filter Row

1. The Filter Editor will pop up.

When invoking the Filter Editor for a grid control, if no filtering has yet been applied, the Filter Editor
will contain a new filter condition referring to the clicked column. If, for example, the Filter Editor has
been opened by right-clicking the Channel column, it will look like the image below:
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2. Select a column.
Now, to filter against the Frame Id, click the condition's link displaying a column name (‘Channel’). This
will display the list of available columns. Select the Frame Id column in this list:
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3. Select a comparison operator.

To select the '=' comparison operator, click the condition's operator link (‘Begins with') to display the list
of supported comparison operators and select the required operator:
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And © _
- [Frame Id (hex)];

Equals

Does not equal

Is greater than

Is greater than or equal to
Is less than

Is less than or equal to
Is between

Is not between
Contains

Does not contain
Begins with

Ends with

Is like

a%e  Is not like

® s any of

®» |s none of
= Is blank

® Isnotblank

4. Enter a value.

Now, click the value box and enter a comparison value ('Ox1TFAAOOFQ"):
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And ©
- [Frame Id (hex)] Equals

5. Save changes.

Click OK or Apply, to filter data using the created filter condition. The grid will show the filter panel
displaying the current filter criteria:
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Raw Data Trace Scope >
Display Mode: Time Display: Autoscroll: Clear Display | Savelog Load Log 162 frames (filtered)
Timestamp Channel Direction Frame Name Frame Id (hex) ¥ Frame Type Datalength Data Other Prop...

00.20:37:00.3945523 2V TxReq exiFaseere Ext. Frame 8 @0 00 00 00 @1 86 B6 86 -

00.00:37:00.4951007 CAN 1 TxReq exiFAspeFe Ext. Frame 8 0 22 ee o e1 86 86 86

20.00:37:09.5955567 CAN 1 TxReq ex1FAABOF Ext. Frame 8 80 o 0@ 0@ €1 86 36 86

20.20:37:09.6960932 CAN 1 TxReq ex1FasReFe Ext. Frame 8 20 20 00 0@ 1 86 86 86

20.20:37:00.7967688 CAN 1 TxReq ex1Faseere Ext. Frame 8 2 02 @2 @ @1 86 86 36

00.20:37:00.8973205 caN 1 TxReq ex1Fazeere Ext. Frame 8 e o2 ee 20 @1 86 86 %6

00.20:37:00.9980598 ca 1 TxReg ex1Faseere Ext. Frame s 2 o2 ee 2@ @1 86 856 36

20.00:37:01.0982399 CAN 1 TxReq ex1FAsReFe Ext. Frame 8 80 00 00 8@ 81 86 36 86

20.00:37:01.1983942 CAN 1 TxReq ex1FALReFe Ext. Frame E 80 20 00 00 @1 86 826 86

20.20:37:01.2989163 cAN 1 TxReq ex1FAseFe Ext. Frame 8 20 00 00 00 @1 86 36 86

20.20:37:01.3995924 caN 1 TxReq ex1Fazere Ext. Frame s 80 o2 02 80 el 86 36 36

©0.20:37:01.5001182 caN 1 TxReq ex1Faseere Ext. Frame s @@ o2 oe e el 86 56 86

20.00:37:01.6851602 CaN 1 TxReq ex1Faseere Ext. Frame 8 @0 20 02 80 @1 86 86 86

00.00:37:01.7049623 CAN 1 TxReq ex1Faseere Ext. Frame 8 20 00 20 ee o1 86 86 86

©08.80:37:01.80850205 CAN 1 TxReq ex1FAARaFe Ext. Frame 8 22 0 22 ee o1 26 36 86

20.20:37:01.9060044 cAN 1 TxReq ex1FALREFE Ext. Frame 2 80 22 08 80 @1 BE 26 26
»  ©0.20:37:02.8065935 cAN 1 TxReq ex1Faseere Ext. Frame 2 20 20 oo ee el 26 8¢ %6 =
% |v| [Frame Id (hex)] = '0xIFAADOFD ~ Edit Filter

The filter panel will contain the Edit Filter button, which also allows you to invoke the Filter Editor.

How to Construct Filter Criteria with Multiple Conditions Joined by One Logical Operator

Filter criteria typically consist of two or more simple filter conditions combined by logical operators (AND,
OR, NOT AND, NOR OR). The following example shows how to construct filter criteria in the Filter Editor
that consist of multiple conditions combined by one logical operator. The “[Channel] = 'CAN 1' AND
[Frame Id] = Ox1FAAQOFO AND [Direction] = Rx" filter expression contains three simple filter conditions
combined by the AND operator. To construct it, do the following:

1. Invoke the Filter Editor. When the Filter Editor is invoked for a grid control, the Filter Editor may display
an unfinished new filter condition.

2. Set the condition's operator to Equals and operand value to 'Ox1FAAOOFQ' (as described in the previous
section):
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And ©
- [Frame Id (hex)] Equals

3. To add one more condition, press the + button next to the group's AND operator.

This will create a new condition under the current one:
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And ©
- [Frame 1d (hex)] Equals 0x1FAAQOFO ©
[G\ameI]%Begls with <enter a value> ©

4. For the second condition, set the column to Channel, operator to '=' and operand value to '‘CAN 1"
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And ©
[Frame Id (hex)] Equals Ox IFAAOOFO ©
‘- [Channel] Equals | CAN 1| (]

5. To add a third condition to the same group, click the + button again. Set the condition's column to
Direction, operator to '=' and operand value to TxReq. Below is the result:

Warwick Control Technologies © 2022



X-Analyser User Manual

7 Fitter Editor X

- [Frame Id (hex)] Equals Ox 1FAADOFQ
- [Channel] Equals CAN 1
. [Direction] Equaiséﬁgﬁ_ﬁgé

OK Cancel Apply

Click OK or Apply, to apply the created filter criteria.
Column Options

There are also other options for the column displays on the Raw Trace these are described below;

e Sort Ascending - Sorts the column from Ato Z or 1 to 10+.

e Sort Descending - Sorts the column from Zto A or +10to 1.

e Clear sorting - Clears the sorting just performed.

e  Group By This Column - Will group the data within the Raw trace as per the selected column i.e
grouping Frame Id would look like this.
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Raw Data Trace x [Esl3

Frame Id (hex) &

Display Mode: Time Display: Autoscroll: Clear Display | Savelog LoadLog

12 frames

-

Frame Id (hex): 0x201

-

Frame Id (hex): 0x210

-

Frame Id (hex): 0x230
Frame Id (hex): 0x360
Frame Id (hex): 0x420
Frame Id (hex): 0x428

-

-

Frame Id (hex): 0x430

-

Frame Id (hex): 0x433

-

Frame Id (hex): 0x4B0
Frame Id (hex): 0x620
Frame Id (hex): 0x630

-

Timestamp Channel Frame Name Direction Frame Id (hex) « Data Datalength Frame Type
» | 4 Frame Id (hex): 0x200
22.29:03:27.7784968 can 1 TxReq axzee @2 ec @2 @7 o2 o7 ee 7 std. Frame

e  Hide Group By Box - Hides the box where column titles can be dragged to be grouped by, shown

below.

Display Mode:

e Hide This Column - Hides the selected column.

Raw Data Trace X Scope

Fixed Position

e Column Chooser - Customizes columns.

e Best Fit - Gives the column best fit.

Time Display:

e Best Fit (all columns) - Gives all columns the best fit.
e Filter Editor - Described above.
e Show Find Panel - Gives a search bar to find entries in the raw trace.

e Show Auto Filter Row - Gives a filter option for each column.
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Virtual Interfaces

Main Features > Virtual Interfaces

Virtual interfaces can be selected from the configuration window.
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They allow you to use X-Analyser when you don't have a physical interface to hand.

The virtual interface mimics a CAN-bus inside your PC which allows you to use real time playback

Copyright Warwick Control Technologies, © 2019. Last Updated: 20 July 2019

Real Time Playback

Main Features > Real Time Playback
Click 'Load File' on the Real Time Playback panel.
Select the file that you would like to replay.

Click play and the data should be playing.

Copyright Warwick Control Technologies, © 2019. Last Updated: 20 July 2019

ISO15765 Support

Main Features > 1ISO15765 Support

X-Analyser supports the ISO15765 transport protocol over CAN that is used in the automotive diagnostics
such as Unified Diagnostics Services (UDS). The ISO15765 transport protocol primarily provides a way of
combining messages that cannot be carried in a single CAN frame. With the X-Analyser ISO15765 support
you can carry out two things:

1. Setup an ISO15765 interpreter for an ECU that supports ISO15765 and view the UDS messages
that are built up from numerous CAN frames.

2. Use diagnostic communications with ECUs that supports ISO15765 and setup Object Transmitters
for UDS messages that can be transmitted to the ECU. With this you can carry out actions such
as reading part numbers, run diagnostic routines and read/clear Diagnostic Trouble Codes
(DTCs).
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This feature is primarily aimed at ECU developers who are comfortable with viewing ISO15765 /UDS
messages in hexadecimal format. The particular advantage of this feature is that an Object Transmitter can
be quickly set up to get ECU diagnostic data via ISO15765 when is most tools a full diagnostic database
must first be setup and imported.

Adding ISO15765 Component for an ECU

An ISO15765 component must be set up for each that you wish to talk to. To set one up you need to go
to Show Configuration - Add Component -> Protocols -> ISO15765

- N > H = Object Transmitter
| Analysis Analogue Decoder Transmitter
a5 Add New Component
| I Save Project ’ b P Start time lmited analysis
Wi
New Project o P Start ear All A - (e - Components are the key parts of the X-Analyser and control everything from what information is displaye
5 Analysis! IDisplays i ) il filtering blocks and higher layer protocols.
Project Analysis Select which components you would like to add to your configuration.
oz Add New Component Components » Protocols

Components are the key parts of the X-Analyser and control everythi)
filtering blocks and higher layer protocols. Com ponents

Select which components you would like to add to you
Components »

CANopen Protocol ISO15765

CANopen Protocol Decoder 1SO 15765 Higher Layer Protocol

Signals 5

? Categories
Scope et

rotocols
- Ly Ptk | J1939 Protocol NMEA2000 Protocol
Real Tlme p'aybaCk 11939 Protocol Decoder NMEA2X Protocol Decoder
Raw Data Trace i
Object Transmitter i Signals
Signal displays Frame transmitters

Frame Filter (]

Scripting

Scripting

You then need to set up the CAN identifiers used by the ECU for diagnostics by clicking on the newly
created 1ISO15765 Interpreter.

Warwick Control Technologies © 2022



X-Analyser User Manual

You have not selecting anything to configure.

You can then rename the ISO15765 Interpreter (e.g. MyECU) and set up the CAN IDs that are used for
diagnostic communication (e.g. Physical CAN IDs 0x728 and 0x720 in this example).

ISO15765 Interpreter

Name |MyECU
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Setting Up an ISO15765 Object Transmitter

Go to the Object Transmitter panel and select Add New Transmitter.

Then enter the data that you want. At a bare minimum you need to select:

Transmitter — set this to MyECU - 1SO15765 frame

Frame Id - do not change this

Frame Length — this is the diagnostic message length which can therefore be greater than 8
bytes and NOT the same as Data Length Code (DLC)

In the Data DO, D1 etc. you can put in your UDS diagnostic request data that you require. In the
example shown below Service Identifier 0x22 is used (which is ReadDataByldentifer) and
Parameter |dentifier (PID) OxF18C (which is a popular one for reading ECU serial number in the
automotive industry).

a- Transmit Task - [m| x

Task Name: F18c]

Task Description:

Keyboard Shortcut: None -
Enable auto-repeat

Transmit List Add Row

Delay (ms)  Transmitter Frame Type Frame ID Frame Length DO D1 D2

» )

Delete Row
= - MyECU -15015765 frame I[SO15765 Frame 0 3|22 |[F1 |BC

Set All Delays

Copy
Paste

Import Tmr

Load Schedule

OK Cancel

Once this is entered press OK to save the Object Transmitter.
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Interpreting ISO15765 Messages

Once you have setup the ISO15765 Interpreter and Object Transmitter as described previously you can
transmit to your ECU using the Object Transmitter and see the data interpreted as an ISO15765

message. The example screenshot below shows message response from the ECU for PID OxF18C which
has a data length of 23 bytes. The response to a Service ID 0x22 is on UDS Frame ID 0x62 because as per
the UDS specification the response is Service ID + 0x40.

B
Display Mode: | Fooed Positon = | Tiene Display: | Absobate = | Chear Display | Sevelog Load Log 11 fran
Tentitan “ (Craevstl  Deecbon  Frame Id (hex]  FroseType | Datslength | Dats
00:00:09.0505352 CAN 1 X R oS Frame 3T
SOIBOIOY. 60000 CAN 1 Tieg o720 sta. Frame B30 B4 00 00 &b B0 00 08
8OIBBIEY.1513112 CAN 1 Rx L oS Frams 33 62 F1 BC 32 30 30 30 30 39 39 39 30 3 31 39 31 3 34 32 20 0 N 29
00:00:95.1530000 CAN 1 Ax 8728 Std. Frame B30 203 MM NN
BOI00I 1. BST0000 CaN 1 Ax [-ZEL 5 Std. Frams B3 B 00 B0 0 20 08 B

UDS DTC Reader

With the ISO 15765 Interpreter configured for ECU->Tester and Tester -> ECU ID's. The UDS DTC
Reader can be configured to read and clear DTC's this is done by selecting Show Configuration -> Add
Component -> UDS DTC Reader this is shown below;

- H P By ~ s Add New Component

File Analysis Analogue Decod g IS oo Components are the key parts of the X-Analyser and control everything from what information is displayed anc
- filtering blocks and higher layer protocols,

Select which components you would like to add to your configuration.
Components »

A gateway between two CAN channels Analogue Frame with Logic Regions Scope

Display

n - No Component ! = .
Signal Editor Raw Data Trace
Signal Editor Display raw data frames

TP for UDS DTC Reader (i

Signals (i
. a Statistics UDS DTC Reader
SPe Show bus statistics i.ead and dear DTCs in UDS compatible
evices
Real Time Playback i}
Raw Data Trace (i
Interactive Generator
Object Transmitter (i Rl i Gt
Frame Filter (i

Once the componet has been added and the DTC Status Mask set the Diagnostics tab can then be used
to Read and Clear DTC's, this is shown below.
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Load File

Real Time Playback Raw Data Trace DS DTC Reader x -
i

DTC Status Mask

Reported DTCs
Timestamp Status DTC

No log file loaded for playbad

Position
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Frame Filtering

Main Features > Frame Filtering

In X-Analyser, it is possible to filter CAN messages by their Identifier, or range of Identifiers. It is possible
to set up Pass or Stop rules. This means that you can select a IDs to be blocked or IDs to be displayed.

To set up a frame filter in X-Analyser, you need to stop capturing with X-Analyser and go to Show
Configuration. You will be presented with the following screen if you then click on Frame Filter.
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Companmsts in teg rLmw propT [——

ind Comeeree +
Sgrak .' s—imem——

g ] D A >;
T e & [EREFY

b D frace [ ]

O Epe TraneTrter .'

Pkt Hre e [ ]

Frame Filter Configuration

You must then set up a rule by selecting whether you want a Pass or Stop filter and then Add Rule. You
then are presented with the following screen in which the Mask and Match filter is set up for the rule.

Fromse M Leegih| = G s 1080 sl r [T TR TR
Tt liler et 3 elandand mask and match foreuls o debisans: which ramis ane matched by thes o ki
[Framiss &ne besbesd by pesfionming: the following: Sfide operation:

Trame Malches = (Frameld = Mask) == Match

Fiy S gurrr.
hiregiee PR | OOOCTOOOCD
AT o | |

" ul¥ u
ik TFF

" " u
Fmar Tapng
T e PP 0

n BT o

AT e

Filter ID Configuration

You can see that the default is to allow all frames through, or stop none of the frames.

Here we will use an example of a real situation to illustrate the Stop/Pass capabilities.
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Example Setup

The display below shows data collected from a vehicle.

[ ———— p— S ———
= W o - [
i W -
= _
- amm —

PRORRRRRTARRaRTangi
i

WERRB AN RN RR RN
]
i

Vehicle Data Collection

Here you can see that there are 12 IDs displayed. In our example, we will show how you can Pass a range
of IDs, or Stop a range of IDs.

We will use all the IDs in the 0x200 range, i.e. 0x200 to 0x299.

Stop Filter Example

Select the Standard (11 bit) Identifier at the top. This gives a range of 0x00 to Ox7FF.

= Semperribadt 20011 08 7500 Mg e Phate Wieerr - ?'-'_

Thin Elier s & wlormdard T arn! mstch ok b deborrrs which frares ae retched by e e ok
Frafiur o Beiied by pedior Py INe Rollouia Detass opestion .

Frame Mabches - [Frameld » Mask) == Malch
ol s o i

L e
i

Tl el
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Filter Setup

In this example you want to stop a frame whose 3 bits of its ID is 0x200 i.e. the ID begins with 2, so the
range 0x200-0x299. You need to do the following:

e Select Stop before Add Rule
e Set Mask = 0x700
o So this is saying that we only care about the upper 3 bits of the CAN ID. So we are
looking at the area of the 1st digit of the CAN ID 0x7XX, where "X" means we don't care.
e Match = 0x200
o So this saying that we are looking for 010xxxxxxxx, where “x" means we don't care. In the
area we have defined to look at in the Mask rule, we wan't this to Match 2, again the
range 0x200-0x299 will be stopped.

The display will appear as below:

rl'lllﬂ!]ll.‘ll Frasme Flier n
Frame H Leeghh| = oasamid 1100 loancha) [ T N e e
Thiks Miler v & clandaid rack and match Sl b debanmsars which amis ad matchea by thes o ruka
Framiss &ne tesbind by perfionmang the foliowing ke opartion

Frame Melches = (Franseld = Mash) == Mstch

Sy Sargurrmr

Arreyisees Fal ) hson
L

Pl Testing

Vs e e

= sl

Configured Filter

If you go back and do a data collection, you will notice that all the IDs in the 200 to 299 range are missing
from the display, i.e. they are blocked.

Pass Filter

In this example you want to pass a frame whose 3 bits of its ID is 0x200 i.e. the ID begins with 2, so the
range 0x200-0x299. you need to do the following:
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e Select Pass before Add Rule
e Set Mask = 0x700
o So this is saying that we only care about the upper 3 bits of the CAN ID. So we are
looking at the area of the 1st digit of the CAN ID 0x7XX, where "X" means we don't care.
e Match = 0x200
o So this saying that we are looking for 010xxxxxxxx, where “x" means we don't care. In the
area we have defined to look at in the Mask rule, we wan't this to Match 2, again the
range 0x200-0x299 will be passed.

The display will appear the same as above. The only difference is that you have selected Pass instead of
Stop.

If you go back and do a data collection, you will notice that all the IDs in the 200 to 299 range are the only
ones shown on the display, i.e. they are passed, all others are blocked.

11939 Source Address Pass Rule

In the case of J1939 and NMEA2000 nodes have a defined source address. If you want to view frames
from just one source address the following Pass Rule would be setup.

e Select Extended Identifier

e Select Pass before Add Rule

e Set Mask = 0xO00000FF - We are looking at the "FF" section of the CAN ID the lower byte

e Set Match (To Source Address i.e. 05) = 0x00000005 - We are looking for the lower byte to match
05

This rule would pass all CAN frames from Source Address 05
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J1939 Higher Layer Protocol

Main Features > J1939 Higher Layer Protocol

X-Analyser has support for the J1939 higher layer protocol which is used for in-vehicle networking in truck
and bus applications. There are two main areas of support for which you must have the X-Analyser
Professional edition; message/signal interpretation and message transmission.
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Starting a J1939 Project

To quickly set up the X-Analyser for J1939 work, you need to set up a new project. This is done by New
Project -> J1939 Layout.

J1939 Message & Signal Interpretation

X-Analyser has the application layer database of Parameter Group Numbers (PGNs) and SPN (Suspect
Parameter Number) signals in-built with X-Analyser Professional Edition. Therefore their values can be
viewed in the J1939 Messages document when they are received by X-Analyser.

Raw Data Trace Scope J1939 Messages X b
Display Modec Time Display: Autoscroll: Clear Display | Save Log Load Log 34771 frames
Timestamp Frame Name Frame Id (hex) Datalength | Data Other Prop.. |
[E ee.09:01:20.1618284 Auxiliary Input/Output Status 1 (PGN: €5241) PGN: FED9, Src: @e, DP: @, Pr: 6, PS: D9 8 @C eC FF FF 90 @@ oF &7 -
[ ee.00:81:20.1618682 Electronic Engine Controller 2 (PGN: 61443) PGN: F@83, Src: @@, DP: @, Pr: 3, PS: @3 8 FF 62 FF 62 FF FF FF FF
[ ee.ee:e1:20.1618838 Electronic Transmission Controller 1 (PGN: 61442) | PGN: Fee2, Src: @3, DP: @, Pr: 3, PS: @2 B @5 Be @E @@ FF F@ 32 FF
[ ee.ee:21:20.1618982 vehicle Dynamic Stability Control 2 (PGN: 61449) |PGN: Feed, Src: @B, DP: @, Pr: 6, PS: @9 8 37 A 7F 97 87 59 8D 7C
©90.90:01:20.1619138 Electronic Engine Controller 3 (PGN: 65247) PGN: FEDF, Src: @@, DP: @, Pr: 6, P5: DF 8 87 FF FF FF FF FF FF FF
[ 20.20:81:20.1698711 Electronic Transmission Controller 2 (PGN: £1445) PGN: F@es, Src: @3, DP: @, Pr: 6, PS: @5 B8 7F F@ FF 7F 20 44 @@ F7
B ee.e0:01:20.1748192 Electronic Engine Controller 1 (PGN: 61444) PGN: FB@4, Src: @0, DP: @, Pr: 3, PS: 84 8 F1 AB AS 54 33 @C FF FF
Signals
Signal Name Value Units
» Engine Torque Mode 1 bit
Actual Engine - Percent Torque (Fractional) 1.875 %
Driver's Demand Engine - Percent Torque 43 %
Actual Engine - Percent Torque 43 %
Engine Speed 1642.5 rpm
Source Address of Controlling Device for Engine Control 12 SA
Engine Starter Mode 15 bit
Engine Demand - Percent Torque 130 %
» [ _86.00:81:20,1758131 vehicle Dvnamic Stabilitv Control 2 (PGN: 61443) | PGN: Feed, Src: @B, DP; @, Pr: 6. PS: @9 8 34 AB 7F DD 87 BS BA 81 - i

J1939 Message Transmission with Interactive Generator

Note: To use J1939 signals in the Interactive Generator must use a J1939 CAN database. One can be
obtained from Warwick Control upon request free of charge.

The various CAN identifier fields and signal values can be modified in the Interactive Generator.
J1939 Signal Panels, Scope and Gauges

Note: To use J1939 signals in the Signals, Scope or Gauge panels you must use a J1939 CAN database. One
can be obtained from Warwick Control upon request free of charge.

It is important that the CAN database is modified so that the Priority and Source Address is correct for each
message (this is the least significant 8-bits of the CAN identifier).
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J1939 Higher Layer Protocol

Main Features > J1939 Higher Layer Protocol

X-Analyser has support for the J1939 higher layer protocol which is used for in-vehicle networking in truck
and bus applications. There are two main areas of support for which you must have the X-Analyser
Professional edition; message/signal interpretation and message transmission.

Starting a J1939 Project

To quickly set up the X-Analyser for J1939 work, you need to set up a new project. This is done by New
Project -> J1939 Layout.

J1939 Message & Signal Interpretation

X-Analyser has the application layer database of Parameter Group Numbers (PGNs) and SPN (Suspect
Parameter Number) signals in-built with X-Analyser Professional Edition. Therefore their values can be
viewed in the J1939 Messages document when they are received by X-Analyser.

Raw Data Trace Scope 11939 Messages X v
Display Mod:: Time Display: Autoscroll: Clear Display | Savelog Load Log 34771 frames
Timestamp Frame Name Frame Id (hex) Datalength | Data Other Prop..
[ 00.00:01:20.1618284 auxilisry Input/output Status 1 (PGN: 65241) PGN: FED9, Src: @e, DP: 8, Pr: 6, PS: D9 8 8C ©C FF FF 8@ 8@ OF 67 -
[ ee.ee:81:20.1618682 Electronic Engine Controller 2 (PGN: £1443) PGN: Fee3, Src: ee, DP: @, Pr: 3, PS: @3 8 FF 62 FF 62 FF FF FF FF
[ ee.ee:01:20.1618838 Electronic Transmission controller 1 (PGN: 61442) PGN: F@e@2, Src: @3, DP: @, Pr: 3, PS: 82 8 ©5 B OE @@ FF F@ 32 FF
[ ee.ee:01:20.1618982 vehicle Dynamic Stability Control 2 (PGN: 61439) |PGN: Feed9, Src: @B, DP: @, Pr: 6, PS: @9 B8 37 AB 7F 97 87 59 8D 7C
96.00:01:20,1619138 Electronic Engine Controller 3 (PGN: 65247) PGN: FEDF, Src: @@, DP: @, Pr: 6, PS: DF 8 87 FF FF FF FF FF FF FF
[ ee.ee:01:20.1698711 Electronic Transmission Controller 2 (PGN: 61445) PGN: Fees, Src: @3, DP: @, Pr: 6, PS: @5 8 7F F@ FF 7F 2@ 44 @@ F7
] ee.ee:e1:20.1748192 Electronic Engine Controller 1 (PGN: 61444) PGN: Fee4, Src: @@, DP: @, Pr: 3, PS: @4 8 F1 AB A2 54 33 @C FF FF
Signals
A Signal Name Value Units
» Engine Torque Mode 1 bit
Actual Engine - Percent Torque (Fractional) 1.875 %
Driver's Demand Engine - Percent Torque 43 %
Actual Engine - Percent Torque 43 %
Engine Speed 1642.5 rpm
Source Address of Controlling Device for Engine Control 12 SA
Engine Starter Mode 15 bit
Engine Demand — Percent Torque 130 %
[+l 2@.08:81:20.1758131 vehicle Dvnamic Stabilitv Control 2 (PGN: €1443)  PGN: F@e9. Src: @B, DP: @, Pr: 6, PS: @9 B 34 AR 7F DD 87 BS BA B1 bt
] »

J1939 Message Transmission with Interactive Generator

Note: To use J1939 signals in the Interactive Generator must use a J1939 CAN database. One can be
obtained from Warwick Control upon request free of charge.
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The various CAN identifier fields and signal values can be modified in the Interactive Generator.

J1939 Signal Panels, Scope and Gauges

Note: To use J1939 signals in the Signals, Scope or Gauge panels you must use a J1939 CAN database. One
can be obtained from Warwick Control upon request free of charge.

It is important that the CAN database is modified so that the Priority and Source Address is correct for each
message (this is the least significant 8-bits of the CAN identifier).
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CAN Gateway
Collapse All Expand All

Main Features > CAN Gateway

X-Analyser includes a gateway component that can be used to duplicate frames from one CAN bus on to
another.

This feature requires you to have two CAN channels configured in your project, you can then configure
which channel to receive frames on and which channel to transmit them back out on.

Adding and Configuring a Gateway

1. Start a New Project and configure two CAN channels (see the Quick Start for CAN for details)
2. Add a new CAN Gateway component by selecting Show Configuration -> Add Component -
>CAN Gateway

Warwick Control Technologies © 2022


ms-its:C:%5CUsers%5CDom%5CDownloads%5CUser%20Manual.chm::/Quick%20Start%20for%20CAN.html

X-Analyser User Manual

ﬂ Il save Project B Start time limited analysis |7 Add Channel ]EE
NewProject  Open Project plear Al | Acquisiton Tme (seconds)| 10 *| | " LoadDatabase Channel
Project Analysis | Channel Confiuration
o2 Add New Component

Components are the key parts of the X-Analyser and control everything from what informaticn is displayed and how 1
filtering blocks and higher layer protocols.
the current project

Add Component

No Component Seld | gajact which components you would like to add to your configuration.

Components »

Scope 2 i
Scope 1 Components
Scope [ . CAN Gateway Analogue Frame An...
i A gateway between two CAN channels VAn_aJog;ue Frame with Logic Regions Scope
Real Time Playback 1] P
Raw Data Trace i
Signal Editor Raw Data Trace
ObjECt Transmitter m] Signal Editor Display raw data frames
Frame Filter ]

Once the component has been added, it must be configured by selecting CAN Gateway in the
Show Configuration window. Select the source interface that will receive CAN frames, this goes
in the RX list.

Then select the TX interface, this will be the interface that re-transmits the CAN frames on to a
second network.
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|Kvaser Memorator Pro 5xHS 1

Kvaser Memorator Pro 5xHS 1

See Also

Quick Start Guide
Quick Start for CAN
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CANopen NMT Transmitters

Main Features > CANopen NMT Transmitters

X-analyser 3 features a CANopen Network Management Transmitter component. This saves the hassle of
creating network management transmitters in the object transmitter for CANopen networks. The
component can be used to broadcast network management messages or address messages to a
particular node. To a add this component go to Show Configuration then Add Component then
Transmitters then CANopen NMT Transmitter

w H P B = Object Transmitter arwick Control Technalogies X-Analyses
Analysis Analogue Decoder Transmitter
s Add New Component
1 | I+l save Project ’ ¥s | B start tme imited analysis |7 Add Channel ]EA
v -
= g o I - - Components are the key parts of the X-Analyser and control everything
biew roject Open Project ks‘:{; Show Configuration mﬂ Acquisition Time (seconds) 07 ¥ Load Database "g:; filtering blocks and higher layer protocols.
Project Analvss Channel Conf Select which components you would like to add to your ¢
oz Add New Component

Components » Transmitters

Components are the key parts of the X-Analyser and control everything from what information is displaj

filtering blocks and higher layer protocols. CO ITIpOﬂentS

R the current project
Select which components you would like to add to your configuration.
Add Component

+ Components » CANOpen NMT Tran...

Transmits CANopen Netwaork Management
Messages

signals @ | Categories
So0pe Protocols Analogue Decoders 5

Hgher Layer Protocols Analogue Protocol Decoders Real Time Playback
Real Time Playback I Replay a logged sequence of CAN frames

Raw Data Trace

Signals Transmitters

ObjECl Transmitter Signal displays Frame transmitters

Frame Filter

Scripting

Scripting

Once the component is added the display will look as per below

- H > &y - Warwick Control Technologies X-Analyser 3 (Professional Edition)
“ Analysis 1 Analogue Decoder Signals Tools X-Analyser 3: v3, 10,60-can-fd-2017,979+8ranch. feature jcan-fd-2017
g o, |
ﬂ I Save Project ’ d" @, | Stert tme imited anayss ¥ Add Channel IEJ‘_EI
New Project Open Proj Start  Show Configuration Clear Al | Acquisition Time (seconds] 10 > =1 Load Database Channel
F st Analysis Displays e ) A Options

Project Analysis Channel Configuration

Raw Data Trace

CANopen NMT Transmitter

Load File Display Mode: | Fixed Positon [N | Time Display: | Absotute [l Autoscroll: (on | ‘ Clear Display | Savelog | Broadcast

Operational Stop PreOp
No log file loaded for playback.

Resethiode ResetComm

Play [ | rimestamp Charnel Drection | Frame Name Frameld(hex) | Frame Type Datalength Data |
[ —————— Node
Address 1 &
Log File Ch... Project Cha... Operational Stop Pre0p

Resethode ResetComm

Configure

Name] Value | Units |
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The NMT transmitter is greyed out and will be available for selection once analysis has been started. The
NMT buttons cause the following transmissions;

Operational — Changes NMT state to operational.

Stop — Changes NMT state to stopped

PreOp — Changes NMT state to Pre -Operational

ResetNode — Resets node and changes NMT state to sub-state reset application

ResetComm - Resets communication and changes NMT state to sub-state reset communication.

As you can see from the display these options are available to broadcast or send to an individual node.
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CANFD Configuration

Main Features > CANFD Configuration

To select a CANFD configuration select New Project and then Default Layout and scroll to a CANFD
interface, as shown below.
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i R . @v =

BEDI [ roves | AvsogueDecoder  Sonas Took

IJ bl Save Project
New Project Open Project

Analysis

Standard Layout Templates

Default Layout

CANopen Layout

J1939 Layout

> &

Wi

Start  Show Configuration Clear All
Displays

Select Hardware Interface

Please select a hardware interface:

B CAN FD Interfaces

Kvaser Memorator Pro 5xHS 0

[] Kvaser Memorator Pro 5xHS 1

[ Kvaser Memorator Pro 5xHS 2
["] Kvaser Memorator Pro 5xHS 3

|| Kvaser Memorator Pro 5xHS 4

[] Kvaser Virtual CAN Driver 0
« I

| Show virtual interfaces?

Basic Configuration ‘ Advanced Configuration

Serial Number: | 10407

Baud Rate: 500,000 (SP: 75.00%) + Custom|
Data BaudRate: | 2,000,000 (SP: 75.00%) - Custom|
Mode: 150 -
|| Active Mode

OK

| onal

Then select the interface and Baud rates for CANFD. This will give CANFD functionality with the project.
The other feature in X-analyser 3 for CANFD is CANFD transmitters. Advantage can be taken of using
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500kbps Baud Rate and 500kbps Data Baud Rate and using the 64 byte DLC by selecting Custom next to
the Data Baud Rate and choosing 500kbps and timing parameters. Also the BRS box should be
unchecked for this setup.

CANFD Transmitters

To create a CANFD transmitter select Add New Transmitter within the object transmitter window, the
same as a CAN transmitter. Then the window below shall appear, to select CANFD transmitter, the Frame
Type should be Std Id (FD) and Ext Id (FD). As shown below.

a5 Transmit Task - O x

Task Name: CANFD
Task Description: Manual
Keyboard Shortcut: |F1 -

v | Enable auto-repeat

Transmit List Add Row
Delay (ms)  Transmitter Frame Type Frame ID BRS Frame Length DO D1 D2 /D3 D4 [ :
A= 100 CANFD 1-CANFD... (ExtId (FD) ~ | 18EEFF10 v 64 00 00 00 00 00 C
= 100 CANFD 1-CANFD.., |StdId IsEEFF20 32 00 00 00 00 oo d SetAlDelays
Std Id (FD) |
Std Id, Remote
Ext Id Copy
Ext Id (FD) |
Ext Id, Remote Paste
Error Frame
Import Tmr
Load Schedule
4 »
OK Cancel

As long as the (FD) option is selected X-analyser will produce CANFD frames. As you can see above
the Frame ID and Frame Length have been populated with BRS selected on ID 0x18EEFF10. Data bytes
can then be filled accordingly.
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NMEA2000 Higher Layer Protocol

Main Features > NMEA2000 Higher Layer Protocol

NMEA2000 Layout Setup

To create an NMEA2000 Layout select New Project and then NMEA2000 Layout.

- P By = Object Transmitter

Analyss | AnslogueDecoder  Signals  Tooks  Transmitter
Ij b+ Save Project ’ & '.?:' P Startt

New Project OpenProject = Start  Show Configuration Clear Al | Acquisition
v Analysis Displays

| | Default Layout

CANopen Layout Display Mode: | Fixed Positon [N | Ti

J1939 Layout Timestamp Channel

NMEA2000 Layout v

You will then need to select your connected interface and select the Baud Rate which is 250kbps on
NMEA2000 networks.
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Select Hardware Interface

Please select a hardware interface:
B CAN Interfaces . _
[ WCT Virtual CAN Interface 1 Basic Configuration . Advanced Configuration

4

Serial Number: | 10407

[] WCT Virtual CAN Interface 2 Baud Rate: 1250,000

v| Active Mode
| Kvaser Memorator Pro 5xHS 0

|| Kvaser Memorator Pro 5xHS 1

[| Kvaser Memorator Pro 5xHS 2

|| Kvaser Memorator Pro 5xHS 3 >
« I
v Show virtual interfaces?

oK Cancel

After selecting OK the NMEA2000 Messages tab will appear on the X-analyser screen.

- A > By = Warwick Control Technologies X-Anz
: Analysis | Analogue Decoder Signals Tools
-l = ) ’ . . . | ]
1 Save Pro ® Start time limited anal #7. Add Channel
ﬂ Il Save Project ’ .d' w' | ® ysis e EP
New Project : Start  Show Configuration Clear All isition Ti al | =m Channel
i Open Project Mg Paglve | Acquisition Time (seconds) 10 Load Database o=
Project Analysis | Channel Configuration

Real Time Playback O X Raw Data Trace Scope NMEA2000 Messages X _
:: Load File Display Mode: | Fixed Position -.l Time Display: lAbsolute [] ‘ Autoscroll: |0rt e

No log file loaded for playback. . eade = 3t
Play . Timestamp ' Channel Direction Frame Name ' Frame Id (hex) ' Frar

Then to collect data just select Start Analysis and the NMEA2000 CAN messages will appear in the
NMEA2000 Messages tab.

Below is a screen shot of a NMEA2000 data collection.
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Raw Data Trace Scope NMEA2000 Messages X v
Display Mode: Time Display: Autoscroll: Clear Display | SavelLog LoadLog 2077 frames
Timestamp Frame Name Frame Id (hex) Frame Type Datalength Data Other Prop...
[ ©0.00:00:08.1620000 Wind Data 1FD@2 Src/Dest: e1/FF single Frame 8 86 @5 @9 89 7A FA FF FF o
[ e0.00:00:08.1730800 Engine Parameters, Rapid Update 1F28@ Src/Dest: A@/FF Single Frame g 82 92 99 88 @8 7F FF FF
[ ee.ee:e0:08.1840000 Transmission Parameters, Dynamic 1F2e5 Src/pest: Ae/FF Single Frame g B2 FF FF FF FF FF @@ FF
20.00:20:08.1950000 Position, Rapid Update 1F8e1 Src/Dest: @4/FF Single Frame 8 47 1A 2B 1F @2 7B @D FF
[F 00.00:60:083.2060000 vessel Heading 1F112 Src/Dest: ee/FF Single Frame 8 @8 5C 52 FF 7F FF 7F FD
[£ e0.00:00:02.2120000 Wind Data 1FD@2 Src/Dest: B1/FF Single Frame g 87 85 88 89 7A FA FF FF
Signals
a  Signal Name Value Units
» Sequence ID ; z
Wind Speed 0.05
Wind Direction 3.1241
Wind Reference 2
INMEA Reserved 0
[ ©0.00:00:08.2290000 Engine Parameters, Rapid update 1F20@ Src/Dest: A8/FF Single Frame a 82 92 00 0@ 9@ 7F FF FF
e0.e2:00:88. 2410000 Transmission Parameters, Dynamic 1F2@5 Src/Dest: AB/FF Single Frame 8 @@ FF FF FF FF FF @@ FF
[ ee.ee:e0:08.2520800 Position, Rapid Update 1F8@1 Src/Dest: @4/FF Single Frame 2 47 1A 2B 1F @2 7B @D FF
20.00:00:08. 2630000 C0G & S0G, Rapid update 1F802 Src/Dest: e4/FF single Frame 4 @9 FC 96 33 @@ @@ FF FF
22.00:00:88. 2740000 vessel Heading 1F112 Src/Dest: @@/FF Single Frame 8 @9 4A 52 FF 7F FF 7F FD
-
1_na_nainasan_anrannn siind nads B N P P . a AO_AC_BO_NO_3A_CA_EC CE

NMEA2000 Protocol Layer Transmitters

For the ease of creating NMEA2000 frames within the Object Transmitter X-analyser has the option to
choose the NMEA2000 protocol layer to create Single Frame and Fast Packet messages. How to do so
shall now be explained.

After selecting an NMEA2000 Layout select the Object Transmitter and right click this window to get
the option to Add New Transmitter then the Transmit Task window shall then appear.

In the Transmitter column select NMEA2000 Protocol Layer. Then the Frame Type can be selected as
Single Frame or Fast Packet. Frame ID will need entering (excluding the source address). The Frame
Length can be set from 0-8 bytes for Single Frame and 9-223 bytes for Fast Packet frame type.

a5 Transmit Task

Task Name: NMEA Transmitter Instructions
Task Description: | NMEA2000
Keyboard Shortcut: | Mone -

v/ Enable auto-repeat

Transmit List
Delay (ms) Transmitter Frame Type Frame ID Frame Length

F1i- 0 {CAN 1-CAN frame |+ ExtId 00000000 0

CAN 1 - CAN frame
NMEA2000 Protocol Layer - NMEA2000 frame
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Delay (ms)  Transmitter Frame Type Frame ID Frame Length
I 0 NMEA2000 Protocol ... {Single ... ~ 00000000
Single Frame

Once analysis has been started this NMEA2000 Frame can be sent by pressing F1 or starting the
transmitter through X-analyser buttons.
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CANopen Higher Layer Protocol

Main Features > CANopen Higher Layer Protocol

X-Analyser has support for the CANopen higher layer protocol which is used for industrial automation
and other off-highway applications. There are two main areas of support for which you must have the X-
Analyser Professional edition; message/signal interpretation and message transmission.

Starting a CANopen Project

To quickly set up the X-Analyser for CANopen work, you need to set up a new project. This is done by
New Project -> CANopen Layout.

CANopen Message Interpretation

The new project will have a new CANopen Messages window that will display received CANopen
messages.
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Load LDF Schedule in Object Transmitter

Main Features > Load LDF Schedule in Object Transmitter

With a LIN interface selected .Idf files can be loaded by selecting Load Database
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Analysis Analogue Decoder Signals Tools

I:I I+l Save Project ’ ﬁ’ ’ /

New Project OpenProject = Start  Show Configuration G:;lra Al | acquisition Time (seconds)
- Di ys

P Start time limited analysis

Project Analysis

10

Warwick Control Technologies X-An

|7 Add Channel ]EEI

-
“J Load Database E;"‘e‘
tions

Channel Configuration

With an .Idf file loaded as well as LIN signals being able to be configured, you can also load the .Idf
schedule via the object transmitter. To do so select New Transmitter/Add New Transmitter then the

below window shall appear. To load an .Idf schedule select Load Schedule.

a5’ Transmit Task

Task Name: LDF to Object Transmitter|
Task Description:
Keyboard Shortcut: | None v

Enable auto-repeat

Transmit List

Delay (ms) Transmitter Frame Type Frame ID Frame Length

OK

Add Row
Delete Row

Set All Delays

Copy
Paste

Import Tmr
Load Schedule

This shall then bring up the window below where LIN messages can be selected to load into the Object
Transmitter. Select the LIN frame or group of frames from the above trees then press OK to create the

associated LIN transmitters.
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LIN Schedule Tables - 0O x
Schedules Delay (ms) ID Length
4 LIN3_E1_2_V1_Modified
4 CEMLIN3Schedule01
v i BCSLIN3Fr1 130 1 h
BMSLIN3Fr1 30 2 8
BMSLINSFr2 30 3 8
BMSLIN3Fr3 30 4 7
BMSLIN3Fr4 30 9 5
CEMLIN3Fr1 30 0 2
CEMLIN3Fr2 30 8 2
OK Cancel

The LIN frames will then be loaded into the Object Transmitter and then can be transmitted.

Copyright Warwick Control Technologies, © 2019. Last Updated: 20 July 2019
X-Analyser User Manual

Interactive Generator

Main Features > Interactive Generator

X-Analyser 3 comes with an Interactive Generator component. Within this component a .dbc file can be
loaded and then CAN message, signal values changed on the fly. The component will transmit the frames
within the .dbc and adjust the signal values according to scaling of the .dbc. To add the component select
Show Configuration -> Add Component -> Interactive Generator as shown below.
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Components »

i} I'JUI nelivo

CAN Gateway Analogue Frame An...

A gateway between two CAN channels Analogue Frame with Logic Regions Scope
Display

nt project

No Component Selected Signal Editor Raw Data Trace

Add Component * Signal Editor Display raw data frames

Signals
Scope

. Statistics UDS DTC Reader
Real Time Playback % Show bus statistics Read and dear DTCs in UDS compatible

devices

Raw Data Trace

Object Transmitter
Interactive Generator

Frame Filter Interactive Generator

You haver

With the IG (Interactive Generator) added you can then open a CAN database within the IG by selecting
File -> Open CAN Database as shown.

Raw Data Trace Scope Interactive Generator X
File | Edit Settings About
Open Messages... Ctrl+0
Save Messages... Ctrl+S g from the CAN database.
Import Configuration File... Ctrl+| Data [hex| Period -
D : PGN Src Adr Period | Send
1D type Frame Pri Channel | Dic Time
Open CAN Database e o= ‘ ol 2‘3|4 5 5‘7 | ] [
Close CAN Database v M i || \ Lo [
Recent Message Files 4
Recent Database Files 3
‘ Copy selected Paste before Insert multiple messages Change Period Enabled ‘ Transmit selected Start Scheduler ‘ Delete all

Then as the IG states "Double Click on the message cell to select a message from the CAN database" and
select a message from the database. | have choosen to use the J1939 database that comes with X-
Analyser 3 and can be found under Documents -> X-Analyser 3 -> J1939 and selected message
Electronic Engine Controller 1.
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Raw Data Trace Scope Interactive Generator

File Edit Settings About
CAN Messages  Log

Double click on the message cell ta select a message from the CAN database.

Data [hex] Period :
ID 3 PGN Src Adr Period | Send
Message ID type Frame Pri Channel | Dic Time
| thex) | thex) | thex) o0l1]2/3lals5]e|7] im Enabled | msg

» | Beckonic Engne Controler. 1 (11939 database DICB . | Extended |~ | ciODdfe |Stand. |v |3 |f004 e it | 8 | #[ei[e1] 0] fa[c8 afer] 100 [JER send

. v v| | v O

Copy selected Paste before Insert multiple messages Change Period Enabled Transmit selected Start Scheduler Delete all

SBL Signal Name Raw Value thex) Raw \gekg Step Physical Value Physical Value Step | Physical Value Range | Units Irﬂ;p;l;éan Interpolation

74  Engine_Torque_Mode | f 1 15.000 1.000 0.00-> 15.00 | bit O

34  Actual_Engine__Percent_Torqu 8 1 1.000 0.125 0.00->1.88 O

158 Drivers_Demand_Engine__ Perc.. el 2 100.000 123.000 -125.00 -> 130.00 O

238 | Actual_Engine_Percent_Torque el 2 100.000 123.000 -125.00 -> 130.00 O

31,16 Engine_Speed fal0 26 8000.000 81.875 0.00->8191.88  |mpm |

478 | Source_Address_of_Controlling_.. c8 2 200.000 2.000 0.00 -> 255.00 lsa il

554 | Engine_Starter_Mode ‘ a 1 10.000 1.000 000->1500  |bit O

= o + n - 1 VT 4mnnnn ancan  umnon =1 b

You can then enter the Physical Value for the signal you require and the IG will automate this into a
Hexidecimal value into the CAN frame. It can then be sent onto a network with the press of the Send
button or transmitted at a regular interval when analysis starts by selecting Period Enabled and selecting

the Period Time (ms).

There is also the option for Interpolation of a signal to select Interpolation type double click
the Interpolation box next to the signal, for interpolation there are 3 options;

e Sine - Produces a sine waveform with signal values.
e Random - Moves through random values by setting a min and max for signal values.
e Toggle Switch - Switches between 2 values in the signal.

Below shows the configuration of each type of interpolation.

Sine
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signal Interpolation: Speed_Water_Referenced (message Speed_Water_Referenced) n

Signal constrains Settings
Sample time: 100 ms  Units: mds Waveform | Sine e
Range
Phys. mir: 0 Phys. max: £55.35 Period | 10| [samples]
Raw min: 0 Raw max 65535 Amplitude |327.675 _
— | Optimal

Dffset |327.675)
Phase 90| [deq]

Values without units are in physical
units

(1] 4 Apply Delete Cancel

Period - Increasing the number of samples will show less rate of change throughout the sine wave. Giving
a longer smoother sine wave.

Amplitude - Height of the sine wave from vertical zero point.
Offset - Offset from zero vertically.

(NB - Amplitude and Offset Optimal settings will give a sine wave thats moves throughout the signal
range just below max and just above min.)

Phase - Offset in time base horizontally.

Toggle Switch
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Signal Interpolation: Speed_Water_Referenced (message Speed_Water_Referenced) n

Signal constrains Settings

Sample time: 100 ms  Units: m/s Waveform | Toggle switch v
Range
Phys. min: 0 Phys. max 655.35 Value 1 0 _ Min
R aw min: 0 Raw max: 65535 Value 2 65535 | Max

Values without units are in physical
units

oK Apply Delete Cancel

Value 1 - 1st defined signal value
Value 2 - 2nd defined signal value

Random

Signal Interpolation: Speed_Water_Referenced (message Speed_Water_Referenced) n

Signal constrains Settings

Sample time: 100ms  Units: mds Waveform | Random w
Range
Phys. min: 0 Phys. max: 655.35 Mirirum [.'r] _ Min
Raw min: 0 Faw max: 65535 Maximm 655 35| Ma:

Walues without units are in physical
units
oK Apply Delete Cancel

Minimum - Minimum value of random values.
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Maximum - Maximum value of random values.
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Introduction to CAN

The Controller Area Network was originally developed during the late 1980’s by the German company
Robert Bosch GmbH, for the automotive industry. Their motivation for the development of CAN was to
provide a solution to the problem of the enormous and constantly-growing wiring harness required for
inter-ECU communication in modern vehicles - customers were demanding more and more functional
features of their vehicle, most of which operated electronically and required some form of communication
with another on-board system, which meant more and more wiring. Their answer was to design a single
network bus to which all the on-board peripherals could be attached.

In 1993 CAN became the standards ISO 11898 (for high-speed applications) and ISO 11519 (for lower-
speed applications). It is a multi-master serial communications bus whose basic design specification called
for high speed, high noise-immunity and error-detection features. As a result of these features the CAN
bus has also become widely used within the manufacturing and aerospace industries.

The CAN bus is designed for communication between microcontrollers — in an automotive environment it
is used to exchange information between on-board Electronic Control Units (ECUs) such as the Engine
Management System, gearbox controls, instrument packs, and body electronics.

Theoretically up to 2032 devices (nodes) can be connected on a CAN bus (assuming one node with one ID
number) on a single network. However due to the practical limitation of the hardware (i.e. the
transceivers), it realistically allows up to 110 nodes (using the Philips 82C250 CAN controller) on a single
network. SAE J2284 recommends a maximum of 16 nodes at 500 Kbit/sec, and 32 nodes at 250 Kbit/sec
and 125 Kbit/sec.

CAN offers data communication up to 1 Mbit/sec, thus facilitating real-time control. In addition, the Error
Confinement and the Error Detection features make it more reliable in noise-critical environments. In the
automotive industries, the common data rate for powertrain controls is 500 Kbit/sec, and 125 Kbit/sec for
body control systems. SAE J1939 (Truck and Bus Standard) recommends 250 Kbit/sec.

CAN's most attractive features include:

. Low cost

. Extreme robustness

. High data transmission speeds (up to 1 MBit/sec).

. Reliability. Excellent error handling and Error Confinement abilities.
. Automatic re-transmission of faulty messages.

U W =
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6. Automatic bus disconnection of nodes that are suspected to be physically faulty.
7. Functional addressing — data messages do not contain source or destination addresses, only
identifiers relating to their function and/or priority.

Copyright Warwick Control Technologies, © 2019. Last Updated: 20 July 2019

CAN Layered Architecture

Introduction to CAN > CAN Layered Architecture

The CAN communications protocol specifies the method by which data is passed between communicating
devices on a CAN bus. It conforms to ISO’s Open System Interconnection (OSI) model, which is a seven-
layer description of a telecommunications network standard.

As with office networks, the modern vehicle utilises computer networks to interface the numerous ECUs
distributed around the vehicle. Here we consider the model for all networks that was introduced by the
ISO in very early days of computer networks. The model is a product of the Open Systems Interconnection
(OSI) project at the International Organization for Standardization (ISO), and it is laid out in seven layers.
Each of these layers are explained in ISO/IEC 7498-1 specification. It is the basis of all computer networks
today. Here we simply show it as a comparison with the simplified CAN layered architecture. The layers of
the OSI model are shown in the figure below, where it is compared with the simplified CAN layered
model.

In fact the CAN protocol can be described by the lowest two layers of the OSI model - the Data Link Layer
and the Physical Layer. The Application layer protocols can be proprietary schemes developed by
individual CAN users, or one of the emerging standards used within particular industries. Common
application layer standards used in the process-control/ manufacturing field are CANopen and DeviceNet,
which are especially suited to the networking of PLCs and intelligent sensors and actuators. The SAE have
introduced a standard for the Truck and Bus industries known as J1939. In the automotive industry most
manufacturers use their own proprietary standard.
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Application Layer I Application layer

Object layer

Presentation Layer I Prioritised message handling
Acceptance filtering

Session Layer I Transfer layer

Fault confinement

I Error detection & report
Acknowledgement

Message framing

Network Layer | Arbitration

Transport Layer

Physical layer

Data Link Layer I Bit representation
Transfer rate

- Signal level and timing
Physical Layer I Transmission medium

ISO 0SI 7 layer model CAN layered architecture

The OSI 7- layer model compared with the simplified CAN layered model

To relate this layered model to and ECU configuration in a vehicle, Figure 2 shows the basic configuration
of an ECU. Here it can be seen that the Microcontroller contains the Application Layer. The CAN Interface
contains the Data Link Layer and part of the Physical Layer. The CAN Transceiver and Twisted Pair wire
form the rest of the Physical Layer.
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Input/Output Ports for Sensors and Actuators

| |
' ; I !
) : i !
; Microcontroller I e | Microcontroller I
. on-Return .
ECU 1 : eg. 8x592 | 1o Zero (NRZ) : eg. 68HC05X4 {ECU 2
. I Signalling . I
1 ; I ;
.| CAN Interface / \'\ CAN Interface | |
! ! : !
; | | CAN Transceiver 1
gl N ook . L eail ek

Twisted Pair Wire carrying CAN Physical Signal

The Table below briefly describes the 7 layers of the OSI model

7 Application
Layer

6 Presentation

Layer

5 Session Layer

4 Transport

Layer

3 Network Layer

2 Data Link Layer

1 Physical Layer

The top layer. This is the layer that describes the software with which the user

interacts with the network. For example Device Net.

Describes the syntax of data being transferred — for instance the transfer of floating

point numbers between two systems using different math's formats.

Describes the handling of data sequences larger than the packets handled by lower

layers.

Describes the quality and nature of the data delivery between two communicating

nodes. Handles issues like retransmission and error recovery.

Describes how a series of exchanges over various data links can deliver data between

any two nodes in a network. Handles issues like routing and addressing.

Describes the arrangement and organisation of the data bits transmitted over a

particular medium. For instance, this layer handles checksums and framing.

Describes the physical characteristics of the communications media, as well as the

electrical properties and interpretation of exchanged signals.
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CAN Physical Layer

Introduction to CAN > CAN Physical Layer

Covered in this section will be the physical aspect of the CAN data transmission. These areas include:

e  Wiring (Twisted Pair)

e Digital data format (NRZ)

e Digital signaling (differential voltage sensing)
e  Bit Stuffing

CAN Wiring

In most applications of CAN, the wiring used is an Unshielded Twisted Pair. In some exceptional cases, you
may find a Shielded Twisted Pair. As the most common use is Unshielded Twisted Pair, expect to find this,
particularly in automotive applications. The use of the twisted pair allows for use of differential voltage
sensing. This will be covered below. There is a specification for single wire CAN, but this is only used for
less time critical application, as it is data rate limited.

The CAN high-speed applications utilising the twisted pair allows the data rate to go up to 1Mbps. Most
automotive powertrain systems operate at 500 Kbps. The single wire CAN systems are limited to 100 Kbps
or below, depending on the CAN Transceiver manufacturer.

CAN Data Format

The data format designated by the Bosch designers is what is known as NRZ — Non Return to Zero. As the
name suggests, there is no transition between same polarity bits. Other data formats such as Manchester
Encoding (used typically in Ethernet) or Pulse Width Modulation (used in lower speed control
applications) have a transition at every bit. Figure 3 shows a comparison of these data formats. In most
cases, the voltage level of bit level 1 is 5 volts, and bit level 0 is 0 volts.
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Digital Bit Representations

NRZ 1 0 1

Manchester

PWM (ARZ)

NRZ Data format compared to Manchester Encoding and PWM

As seen in Manchester encoding and PWM, there is a transition for every bit. In Manchester encoding, a
bit 1 is represented by a transition from 1 to 0, a bit O is represented by a transition from 0 to 1. In PWM
(Always Return to Zero — ARZ) bit 1 is a wide pulse, and bit 0 is a narrow pulse. These formats use the
transitions for each bit as a means for synchronisation.

NRZ does not necessarily have transitions for each bit. When there are successive bits of the same
polarity, the level remains the same. There are two advantages using the NRZ format. One is that the less
transitions, the less noise. Digital communications is inherently noisy as each transition generates noisy
emissions. The other advantage is that the arbitration method of the CAN data access can only be
accomplished with NRZ. The access process will be covered in a later chapter.

CAN-bus Digital Signaling

After the CAN packet is passed from the CAN interface, the CAN transceiver (transmitter/receiver)
converts it into a differential signal for transmission over the twisted pair. Most automotive and vehicle
industries utilise the physical differential signaling specified in ISO 11898-2 — High speed CAN up to
1Mbps. Referring to Figure 2, the digital data will be a standard 0 to 5 volt transition (as shown in Figure
3) from the CAN controller to the CAN transceiver. The CAN transceiver converts this data in into a
differential pair to be transmitted on the twisted pair wire. The signals transmitted on the twisted pair are
designated as CAN High (CAN_H) and CAN Low (CAN_L). They both represent the same signal, but are
used in a differential sensing manner for use in an electrically noisy environment.
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ISO 11898-2 CAN High Speed

Recessive

3.5V

2.5V

Dominant
Logical “0”

CAN_High

1.5V

Vit
2V

Recessive
Logical “1”

CAN_Low

CAN Output signal from ISO 11898-2 CAN High Speed Transceiver

In CAN, the terminology of the bit value is Dominant for a bit 0 and Recessive for a bit 1. A Dominant will
always over-ride a Recessive. This is relevant when we discuss arbitration later. Bus Idle is Recessive.

The signal representation in Figure 4 shows that during Data 1 (Recessive) both CAN_H and CAN_L are
driven at 2.5 volts, causing a V difference of 0 volts. During Data 0 (Dominant) CAN_H increases to 3.5
volts while CAN_L decreases to 1.5 volts, causing a V difference of 2 volts. This is considered a very simple
but effective means of operating in an electrically noisy environment. The differential voltage sensing
allows the receiver just sense a voltage differential even there is a lot of electrical noise on the signal.

Comparing the data stream in Figure 3, the resulting output from the CAN Transceiver will appear as
shown in Figure 5.
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Therefore, at the receiver side of the Transceiver, it is interpreting a V diff of OV as a logical 1 (Recessive),

and a V diff of 2V as a logical 0 (Dominant).

A typical display of a CAN frame is show in Figure 6. This is a zoomed in view on a 2 channel scope
(Channel 1is CAN_H, and Channel 2 is CAN_L). The particulars of the sections of the CAN frame will be

explained in a later section.

35V
CAN_H

Idle \
25V

CAN_L

1.5V {

CAN Waveform on Oscilloscope

Bit Stuffing

A

SOF ldentifier Control

N

NRZ the ideal data format for two reasons:

Data
» frmmty e

NINEOF

e Less transition means less noise - Digital communication is inherently noisy with hard transitions
between values (usually 0 and 5 volts). These transitions emit noisy harmonics and can cause
interference to other electronic components.

e Suitable for Bitwise Arbitration - The Bitwise Arbitration utilised by CAN can only be accomplished
using NRZ. This is covered more in a later section.
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The main disadvantage of NRZ is its non-determinant synchronisation. If there is a long string of bits of
the same polarity, it becomes difficult to maintain accurate bit sampling. Because there is no transition
between bits, synchronisation becomes an issue. It is possible to incorrectly interpret a bit polarity if the
data stream is too long. The solution to this is Bit Stuffing.

In CAN, Bit Stuffing occurs when there is 5 or more bits of the same polarity. After 5 bits of the same

polarity, the CAN protocol automatically inserts and opposite bit to allow synchronisation. At the receiver,
the node automatically strips out the stuff bit. An example of this is shown in Figure 7 below.

1 0 0 :0 0 S 010

Bit Stuffing Example
In this example, it can be data stream is 11000000001. There are 8 Dominants (0s) in a row. The CAN
transmitter will automatically insert an opposite polarity Recessive (1) after the 5th 0 to allow for

synchronisation. The receiver will automatically extract the Stuff bit at the CAN controller.

This process is suspended after the ACK bit and during idle.
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CAN Frame Message Format

Introduction to CAN > CAN Frame Message Format

When a microcontroller formats information for sharing with other ECUs, it will pass the data to the CAN
chip for framing the relevant information to send onto the other ECUs. Here we will look at how the CAN
interface puts the information into a frame to transmit over the CAN bus.
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The CAN message format simplistically appears as the block diagram in the figure below:

Interframe Interframe
Space

Idle Rpas

I 6 0..8 15 | 1 1 1 7 | >=3

. Bits - : : ’ . g : .
Bit Bit | Bits bytes Bits | Bit | Bit | Bit | Bits | Bits
L l— End of Frame
ACK Delimiter
ACK Slot ACK
CRC Delimiter
— CRC Sequence
—— Data Field
— Control (2 bits reserved for future, DLCO0-3 is the data length
ode )
— RTRBit Arbitration RTR = Remote Transmission Request
— Identifier Field CRC = Cyclic Redundancy Check
ACK = Acknowledge
—— Start of Frame DLC = Data Length Code

CAN Message frame format
The Start of Frame (SOF) is a dominant O to tell all the other ECUs that a message is on the way.

Following this is the Identifier field (ID). This is usually a functional address (e.g. Engine parameters,
Wheel speeds, etc.). In some applications, the ID can contain source and destination addresses. The value
of the Identifier determines the message priority. The lower the value, the higher the priority.

The Identifier value can be 11 bits or 29 bits. This is known as Standard CAN and Extended CAN. The
original CAN specification designated 11 bit identifiers. In 1991, the CAN specification was updated to
include this extended CAN format. Looking at the possible number of identifiers, 2 to the power of 11 =
2048 possible IDs. 2 to the power of 29 allows for more than 500 million possible IDs. The reason for the
introduction of the extended frame format was not so much to increase the number of IDs, but to adapt
CAN to the requirements of the American car-manufacturers With the 29 bit identifier a message strategy
can be realised, which is similar to the J1850-protocol published by the American Society of Automotive
Engineers (SAE).

Many applications implement either. The SAE J1939 standard for Trucks and Buses dictates that the
extended format is to be used. This is not so much to allow for more Identifiers, but to allow for versatile
types of messaging. This will be covered in a later section.

The Remote Transfer Request (RTR) bit allows an ECU to request an ID from another ECU that has not

been transferred within a specified time period. When an RTR message is sent, this bit is set to Recessive
(Data 1). During normal messages, the RTR bit is always set to Dominant (Data 0).

Warwick Control Technologies © 2022



The ID and RTR are considered to be known as the Arbitration Field, as this determines the message
priority during a message arbitration. This occurs when two or more messages collide during bus access.

The Control Field contains the Data Length Code (DLC). The DLC simply informs of the length of the
data field. This can be a value between 0 and 8 Bytes. It is always in Bytes. Even if the node wants to send
just one bit, a Byte must be assigned. There can be 0 Byte frames. The RTR message is a 0 Byte message.
In some protocols, a 0 Byte message can be used as health/heartbeat message.

The Data Field contains the information to be relayed to other ECUs, e.g. the Engine Parameters message
may contain info such as Engine speed, Water & Qil Temp, etc. The format of the data and how it is
interpreted is covered in a later section.

The Cyclic Redundancy Check (CRC) is a 15 bit sequence used for checking the integrity of the data.
Sometimes known as Check Sum, it is a common error checking method in digital communication. The
way it works is that the transmitting node will generate a 15 bit digital sequence based on the prior data
(ID, Control, and Data fields). Once the frame is brought into the receiver node, that node will generate its
own CRC sequence based on the received info (ID, Control, and Data fields).

The receiver's CRC is then compared with the transmitted CRC. If there is a match, the data is deemed OK,
and the Acknowledge is generated. If they do not match, there has been corruption of the data, and the
receiver node will generate an Error Frame (to be covered later).

The Acknowledge (ACK) slot is a single bit generated by all receiving CAN node to indicate that their
CRC processes are OK. The transmitter node leaves this bit recessive (Data 1), and the receiver nodes all
insert a dominant bit (Data 0) in this slot. This indicates that all receivers are OK with the integrity of the
CAN frame data. If there was a problem within the CRC process, a node will generate an Error Frame,
negating any ACK process (covered later).

Delimiters. Note that the CRC and the ACK fields have a one bit Delimiters. These are just to allow a
space for the next process.

End-of-Frame (EOF). EOF is a seven bit recessive sequence at the end of the CAN frame. This, along with
the minimum of 3 bits of Interframe Space, give enough time delay to allow for the next access of CAN
messages. If there are back-to-back CAN messages, you will observe a minimum of 11 bits of Recessive
before the next CAN frame. These 11 bits is comprised of ACK delimiter, EOF and 3 bits Interframe space.
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Introduction to CAN > CAN Frame Message Format
When a microcontroller formats information for sharing with other ECUs, it will pass the data to the CAN
chip for framing the relevant information to send onto the other ECUs. Here we will look at how the CAN

interface puts the information into a frame to transmit over the CAN bus.

The CAN message format simplistically appears as the block diagram in the figure below:

Interframe Interframe
Space s
Idle aany

I 6 0..8 15 | 1 1 1 7 | >=3

Bit | B'S | Bit | Bits | bytes | Bits | Bit | Bit | Bit | Bits | Bits
L l— End of Frame
ACK Delimiter
ACK Slot e
CRC Delimiter
— CRC Sequence
—— Data Field
— Control (2 bits reserved for future, DLCO0-3 is the data length
ode )
— RTR Bit Arbitration RTR = Remote Transmission Request
— ldentifier Field CRC = Cyclic Redundancy Check
ACK = Acknowledge
—— Start of Frame DLC = Data Length Code

CAN Message frame format
The Start of Frame (SOF) is a dominant O to tell all the other ECUs that a message is on the way.

Following this is the Identifier field (ID). This is usually a functional address (e.g. Engine parameters,
Wheel speeds, etc.). In some applications, the ID can contain source and destination addresses. The value
of the Identifier determines the message priority. The lower the value, the higher the priority.

The Identifier value can be 11 bits or 29 bits. This is known as Standard CAN and Extended CAN. The
original CAN specification designated 11 bit identifiers. In 1991, the CAN specification was updated to
include this extended CAN format. Looking at the possible number of identifiers, 2 to the power of 11 =
2048 possible IDs. 2 to the power of 29 allows for more than 500 million possible IDs. The reason for the
introduction of the extended frame format was not so much to increase the number of IDs, but to adapt
CAN to the requirements of the American car-manufacturers With the 29 bit identifier a message strategy
can be realised, which is similar to the J1850-protocol published by the American Society of Automotive
Engineers (SAE).

Many applications implement either. The SAE J1939 standard for Trucks and Buses dictates that the
extended format is to be used. This is not so much to allow for more Identifiers, but to allow for versatile

types of messaging. This will be covered in a later section.
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The Remote Transfer Request (RTR) bit allows an ECU to request an ID from another ECU that has not
been transferred within a specified time period. When an RTR message is sent, this bit is set to Recessive
(Data 1). During normal messages, the RTR bit is always set to Dominant (Data 0).

The ID and RTR are considered to be known as the Arbitration Field, as this determines the message
priority during a message arbitration. This occurs when two or more messages collide during bus access.

The Control Field contains the Data Length Code (DLC). The DLC simply informs of the length of the
data field. This can be a value between 0 and 8 Bytes. It is always in Bytes. Even if the node wants to send
just one bit, a Byte must be assigned. There can be 0 Byte frames. The RTR message is a 0 Byte message.
In some protocols, a 0 Byte message can be used as health/heartbeat message.

The Data Field contains the information to be relayed to other ECUs, e.g. the Engine Parameters message
may contain info such as Engine speed, Water & Oil Temp, etc. The format of the data and how it is
interpreted is covered in a later section.

The Cyclic Redundancy Check (CRC) is a 15 bit sequence used for checking the integrity of the data.
Sometimes known as Check Sum, it is a common error checking method in digital communication. The
way it works is that the transmitting node will generate a 15 bit digital sequence based on the prior data
(ID, Control, and Data fields). Once the frame is brought into the receiver node, that node will generate its
own CRC sequence based on the received info (ID, Control, and Data fields).

The receiver's CRC is then compared with the transmitted CRC. If there is a match, the data is deemed OK,
and the Acknowledge is generated. If they do not match, there has been corruption of the data, and the
receiver node will generate an Error Frame (to be covered later).

The Acknowledge (ACK) slot is a single bit generated by all receiving CAN node to indicate that their
CRC processes are OK. The transmitter node leaves this bit recessive (Data 1), and the receiver nodes all
insert a dominant bit (Data 0) in this slot. This indicates that all receivers are OK with the integrity of the
CAN frame data. If there was a problem within the CRC process, a node will generate an Error Frame,
negating any ACK process (covered later).

Delimiters. Note that the CRC and the ACK fields have a one bit Delimiters. These are just to allow a
space for the next process.

End-of-Frame (EOF). EOF is a seven bit recessive sequence at the end of the CAN frame. This, along with
the minimum of 3 bits of Interframe Space, give enough time delay to allow for the next access of CAN

messages. If there are back-to-back CAN messages, you will observe a minimum of 11 bits of Recessive
before the next CAN frame. These 11 bits is comprised of ACK delimiter, EOF and 3 bits Interframe space.
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CAN Higher Layer Protocols

Introduction to CAN > CAN Higher Layer Protocols

A CAN higher level protocol (also known as the Application layer protocol) is a protocol implemented 'on
top' of the existing lower-level CAN layers (physical layer and data-link layer). The higher level protocol
uses CAN's physical and data link layers as a base for the developed application layer. Many systems, (e.g.
in the automotive industry) use a propriety application layer, but in many industries, this approach is not
cost-effective. Several organisations have developed standardised open application layers to ensure ease
of system integration.

Some available CAN higher level protocols are:

DeviceNet by the Open DeviceNet Vendors Association.
Smart Distributed System (SDS) by Honeywell.
CANOpen (subset of CAL) by CiA

SAE J1939
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Introduction to LIN

LIN (Local Interconnect Network) is a low cost, serial communication system for distributed electronic
systems in vehicles.

It is aimed to complement existing automotive multiplex networks, such as CAN. The specification covers
in addition to the definition of the protocol and the physical layer also the definition of interfaces for
development tools and application software. LIN enables a cost-effective communication for smart
sensors and actuators where the bandwidth and versatility of CAN is not required.

The communication is based on the SCI (UART) data format, a single-master/multiple-slave concept, a
single-wire 12V bus, and a clock synchronisation for nodes without stabilised time base.

The LIN Consortium has been developed to standardise a concept of a serial low cost communication
concept in conjunction with a development environment, that enables the car manufacturers and their
suppliers to create, implement, and handle complex hierarchical multiplex systems in a very cost
competitive way.
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The LIN Communication Concept

Introduction to LIN > The LIN Communication Concept

A LIN network comprises one master node and one or more slave nodes.

All nodes include a slave communication task that is split in a transmit and a receive task, while the master
node includes an additional master transmit task.

The communication in an active LIN network is always initiated by the master task. The master sends out a
message header which comprises of the synchronisation break, the synchronisation byte, and the

message identifier.

Exactly one slave task is activated upon reception and filtering of the identifier and starts the transmission
of the message response.

The response comprises of up to eight data bytes and one checksum byte. The header and the response
part form one message frame.
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Low cost single-wire implementation based on enhanced ISO 9141

Speed up to 20Kbit/s (limited for EMI-reasons)

Single Master / Multiple Slave Concept therefore no arbitration necessary

Low cost silicon implementation based on common UART interface hardware which means that
almost any microcontroller has necessary hardware on chip
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Self synchronisation in the slave nodes without crystal or ceramics resonator which leads to
significant cost reduction of slave hardware

Guaranteed latency times for signal transmission therefore predictable systems are possible

Nodes can be added to the LIN network without requiring hardware or software changes in other
slave nodes.

The size of a LIN network is typically under 12 nodes (though not restricted to this), resulting from
the small number of 64 identifier and the relatively low transmission speed.
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The contents of the LIN message frame are shown below:

‘ Message Header ‘ Message Response

A
A 4

A
Y

— Data Field (2.4. or 8 bytes of 10 bits each) e

___________________ Checksum
10 bits

=13 bats 10 bats

—‘ Svnc Break Sync Field

Sync
Delimiter

The identifier of a message denotes the content of a message but not the destination. This
communication concept enables the exchange of data in various ways: from the master node (using its
slave task) to one or more slave nodes, and from one slave node two the master node and/or other slave
nodes. It is possible to communicate signals directly from slave to slave without the need for routing
through the master node, or broadcasting messages from the master to all nodes in a network. The
sequence of message frames is controlled by the master and may form cycles.

Sync Break

The Sync Break signifies the beginning of a LIN frame and is always generated by the Master Task. The
Sync Break tells the Slave Task to prepare for the Sync Field. The Sync Break consists of two different
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parts; a dominant (low) level that should be a minimum of 13 bit-times (Tbit) which is followed by a
recessive (high) period that should be in the range one to four Thit (Sync Delimiter). The length of the
Sync Field has been chosen to be at least 13 Tbit so that LIN Slave Tasks can distinguish between a valid
Sync Break and the maximum possible allowed sequence of dominant bit within a data frame (i.e. 9 Thit).

Sync Field

The Sync Field contains the signalling required for the slaves to synchronise with the Master's clock. The
Sync Field is a byte containing the data “0x55" giving a waveform with five falling edges and five rising
edges. These edges can be used during synchronisation to tune the slave node transmission and
reception speed to match the Master node. Therefore the bit time is found by measuring the time of
either 5 rising edges or 5 falling edges and dividing by eight (logical shift by 3 bits).

Identifier Field

The Identifier Field contains information about the contents and length of a message. This field is divided
into three sections as shown below; identifier bits (four bits), length control bits (two bits) and parity bits
(two bits).

\ 4

i
T

1

[}

:

‘ jini] Dl m2 D3 D4 D5 PO Pl
: \ Stop Bit

: Start Bit

The Identifier bits (IDO to ID3) represent the identifier of the node who is to respond in the Message
Response part of the frame. Thus there can be up to 16 nodes on a LIN subnet; one master and up to 15
slaves. The Identifier Field therefore describes the content of the message and not the destination.

ID5 ID4 NData (no. of bytes)
0 0 2
0 1 2
1 0 4
1 1 8

Number Bytes in Data Field as Dictated by Length Control.
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The final two bytes in the Identifier Field are parity bits which are defined by a mixed parity
algorithm. This ensures that the Identifier Field will never consist of an all Dominant or all Recessive
bit pattern. It must be noted that the parity check only detects errors, it does not correct them.

& The parity check bits are calculated by the following mixed parity algorithm:

PO = IDODID1D ID26 1D4
P1=1D1DID3&D ID4D ID5

Data Field

The Data Field contains two, four or eight bytes of data, each consisting of one stop bit, eight data
bits and one stop bit. Transmission is done with the LSB first. The Data Field is written by the
responding slave task. Since there is no bus arbitration, only one slave task should be allowed to
respond to each identifier. All other slave tasks are limited to reading the response and act
accordingly. The format of a single byte within the Data Field is shown below.

A
k4

Do D D2 D3 D4 D3 D& D7

Stop Bit /'

Start Bat

Checksum Field

The last field in the Message Frame is the Checksum Field. This byte contains the inverted modulo-
256 sum of all data bytes within the Data Field. The sum is calculated by doing an “Add with carry”
on all data bytes and then inverting the answer. The properties of the inverted modulo-256 sum are
such that if this number is added to the sum of all data bytes, the result will be “OxFF". The format of
the Checksum Field is shown below.

Ly

Y

co

C1

C3

c4

C5

Cs

Start Bt
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Typical applications for the LIN bus are assembly units such as doors, steering wheel, seats, climate
regulation, lighting, rain sensor, or alternator. In these units the cost sensitive nature of LIN enables the
introduction of mechatronic elements such as smart sensors, actuators, or illumination. They can be easily
connected to the car network and become accessible to all types of diagnostics and services.

Under LIN implementations, commonly used analogue coding of signals will be replaced by digital
signals, leading to an optimised wiring harness.

In automotive application the following are ideal for LIN implementation:
Vehicle Roof

Rain Sensor

Light Sensor

Light Control
Sun Roof

Vehicle Doors

Mirror

Central Locking
Mirror Switch
Window Lift

Engine

e Sensors
e Small Motors

Steering Wheel

e Cruise Control Switches
e Wiper

e Turn Signal

e Radio

e Climate Control
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Seat

e Seat Position Motors
e Occupancy Sensor

Although LIN was originally designed for automotive applications, it has also received interest as a sensor
bus for industrial automation and even consumer electronics.
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An example of the timestamp reading from X-Analyser is shown below:

Timestamp
28:84:56.8186331

82:84:56.5180652

The format of this timestamp reading is:
Hours: Minutes: Seconds

Therefore the top reading in the image above is saying 0 Hours, 4 Minutes, 56 seconds, 10633.1
microseconds.

The resolution of this timestamp reading is 0.1 microseconds (or 100 nanoseconds). The accuracy of the
timestamp reading is dependent upon the stated accuracy of the CAN or LIN interface manufacturer.
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