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TUV NORD / IFM

TOV Nord Group ,i\ IFM - Institute for Vehicle

Technology and Mobility

+ Mechanical, mechatronic
Functionalities in the Vehicle

* Brake systems
= Emission management
= Engine, Powertrain

Tyres and other Components

Institute for
Vehicle Technology
and Mobility (IFM)

+ Electronics & Car-IT
= Communication Engineering

» Functional Safety
= Research & Development
= Validation Tools and Test Systems

Training, Workshops, Seminars

Division
Electronics & IT
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Units of the TUV NORD IFM Department ,,Electronics & IT“

1: Communication Engineering
Databus communication

in vehicles

FlexRay ™,

TTP,

CAN

2: Functional Safety
Technical support, consulting
with regard to the standard IEC 61508

3: Validation Tools and Test Systems
FlexRay™ Consortium: Protocol Conformance Test
AUTOSAR: Development Member (Test Specifications and Systems)

ASAM: FIBEX Checker /‘\
TUVNORD
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Introduction

Various Modern
Suppliers Vehicle

Problems in the Development Process
»Different Tools
U>Differ'en’r Design Philosophy

> Consistent Boardnet Database ?

Boardnet @

Database | golytion Various

FIBEX provides a standardised | Components

- way for data exchange. /—w
Wolfgang Mickisch rw NORD
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FIBEX facts

» Meaning: Fibex = Field Bus Exchange Format (ASAM e.V.)

» Purpose: XML exchange format for use with tools that deal with
message-oriented bus communication systems

» Multi-Bus: FlexRay™, CAN, Most, Lin

» Tools:

® OEM Toolchains for series implementation (e.g. BMW, Daimler, . . .)
® Tool provider (e.g. Decomsys, Vector, Softing, dSpace, Sulzer, . . .)

TW@
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FIBEX Use Cases

OEM:

* Integration (Data of numerous suppliers)
- Data-Management (Supplier <> OEM)

OEM & Supplier:

 Simulation
* Scheduling
- Generation of Driver Code
- Gateway Design
* Bus Analysis

Tool 1
Supplier A N <fx:Elements>
<fx: Cluster >
Export . usw.
I > < -X' uster>
Tool 2 |:'> Boardnet e
Supplier B Database
% Fibex-File
Tool 3

OEM (XML) /—\
OEM
Wolfgang Mickisch rw NORD
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FIBEX Design Goals

FIBEX covers different aspects of the communication system:

System topology
» logical layout of the system

Communication properties
» exchange of frames

» the structure of frames

» timing characteristics

Functional network (optional)
» functions
» signals
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FIBEX Entities

Info
PROJECT
Decomposition of a network into elements like:  [“°
POSITE
- Clusters (Overall topology) \m_—l
commul ¢ Channels -
* Frames
wee] ¢ Gateways —
— * ECUs
* Functions
- Signals
» Configuration Data
celc

INSTANCE

CODING

Wolfgang Mickisch
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FIBEX Entities

Information Entities add Metadata to the project
»Companies and products involved in the project o

COMTROLLER GATEWAY MAPPING® PROJECT
CLUSTER CHAMNEL CONNECTOR ECU —— COMPOSITE —

n

Communication Function Requirements
n
n n o
n . 1 n| FRAME- FUNCTION-
MULTIFLEXER FRAME RIGGERING FUNCTION - REQUIREMENT
n
1 1 1
1
o n n n
INPUT- . OUTPUT. 1
= = PORT-
TIMING PORT PORT REQURIREMENT
n
n n
XOR
n n 1
n
SUB- siGNAL- | SIGNAL SIGNAL-
FRAME |4 | INSTANCE 1 n o GROUP
n
1
CODING

Wolfgang Mickisch
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FIBEX Entities

Info
CONTROLLER GATEWAY — PROJECT
CLUSTER CHANNEL CONNECTOR ECU — COMPOSITE I -
A
Communicati Function Requirements
MULTIFLEXER [ U orrave 1 ,H.FSQE“FE.‘,‘,C FUNCTION r: - SECUREVERT
1 1 1 :
System Topology Entities describe g
the logical layout of the system L e
__,.-3"""_ n n
»Clusters kor 1
»ECUs | o i g
»Controller "
CODING
»Channels

Wolfgang Mickisch
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FIBEX Entities

Communication Entities describe

the exchange of frames

. . Infn‘
»Frames (+Triggering) :
>Tlmln9 PROJECT
> Signal Instances e
CLUSTER CHANNEL CONNECTOR ECU — COMPOSITE —
S n
m ‘
Communication Function Requirements
n n Il m
MULTIPLEXER | D orrave T R.FSSEFE.;JC FUNCTION (= - REQUIRENENT
1 1 1 :
n n n n
TIMING ";gg? OEI}FF'{L;T' e
n n
XOR
n n 1
1 n
SUB- SIGNAL- SIGNAL-
FRAME [ o] INSTANCE [ | SIoNAL- | GRouP
n
1
CODING /—w
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FIBEX Entities

Functional Level Entities describes the
software architecture of the system.
» Signals (+Coding)

»>TIO Ports

CLUSTER CHANNEL CONNECTOR ECU —— COMPOSITE —
Communication Function Requirements
n
n n o
n . 1 FRAME- FUNCTION-
MULTIFLEXER FRAME RIGGERING FUNCTION - REQUIREMENT
n
1 1 1
1
o n n n
INPUT- . OUTPUT. 1
= = PORT-
TIMING PORT PORT REQURIREMENT
n
n n
XOR
n n 1
7 n
SUB- SIGNAL- SIGNAL SIGNAL-
FRAME |4 | INSTANCE 1 n o GROUP
n
1

Wolfgang Mickisch
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FIBEX Entities

Info
COMTROLLER GATEWAY MAPPING® PROJECT
CLUSTER CHANMNEL CONNECTOR ECU — COMF’OSLTE‘:.% -
iy I
Communication Function equirements
MULTIFLEXER ! ! FRAME ! A |H'|:g§g§|hc FUNCTION r: - REQUIREMENT
¥ 1 N
S'rr'uc‘rur'e Entities allow the designer to ?roup
ECUs or functions to one hierarchical uni
»Composite
n n = = \1/’
1
CODING
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FIBEX Entities

Requirement Entities
>Functions

.| »Ports
cT
CLUSTER CHANNEL CONNECTOR ECU —— COMPOSITE —
s n
.-)' . 5
Communication Function Requirements
n
n n =
n 1 1 n| FRAME- :
MULTIFLEXER FRAME TRIGGERING FUNCTION - RE&;'{J‘ICRTEEMGNEMT
n
i i 1
1
o n n n
INPUT- . OUTPUT. 1
= = PORT-
TIMING PORT PORT REQURIREMENT
n
n n
XOR :
n n 1
7 n
SUB- SIGNAL- SIGNAL SIGNAL-
FRAME |4 | INSTANCE 1 n m GROUP
n
1
CODING
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FIBEX Extensions

FIBEX allows two types of extensions to be used:

Manufacturer Extensions:
» add new functionality to FIBEX.

Platform Specific Extensions

» allow the designer to extend the generic basic types by platform
specific needs

TW@
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Schema validation + Rule based validations

» Schema validation: Based on XML schema files for Fibex.

The Checker performs a standard XML schema validation as a basic check:
® Correct order of elements.

® Range of values.

® Existence of referenced elements.
® efc.

» Rule based validations:
Additional validation rules can easily be defined by the user for e.g.:

® Verification of relations among communication parameter

® Checking the logical structure of the target bus system. \
® Enhanced validation of relations among elements

O

Enhanced validation of reference targetss: %
my

Checks for numerous mathematical relations
and configuration constraints that do exist with

respect to the communication parameters of a bus system. |[s

J connected to the channel The signal is being transmitted on.
Wolfgang MickiSch Page: 21 08.05.2007 TUOVINURD 7




Example for a rule (A)

Rule A:

FR-Cycle:
Static Segment Dynamic Segment Symbol NIT

Setting: A FlexRay™ cycle consists of the segments shown above.
The length of the segments and the cycle is defined by the FR-
parameters, which are contained in the Fibex file.

TW@
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Example for a rule (A)

Rule A:
FR-Cycle: /
Static Se nt Dynamic Segment Symbol /yfr
7
< d >

d £ gNumberOfMinislots ?
Rule: If the length of the static segment, symbol window and NIT

are subtracted from the cycle length, the length of the dynamic
segment can be calculated. The result d can then be compared to the

configured parameter gNumberOfMinislots.
TW@
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Example for a rule (B)

Rule B:

Frame (payload):
S2 S 53

Setting: The payload section of a frame containing three signals is
defined in a Fibex-file. The signal length and their respective positions
inside the frame are defined as well.

Problem: A possible error could emerge when signals overlap.

The configuration data for frames, signals, their positions and length is

spread over different parts of the Fibex file.
TW@
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The “Checker-Tool”

» Java application:

» Plug-in interface:

» Basic operation:

» Error recognition:

» Operation:

® Command line:

® GUI:

= platform independency

= Quick and easy implementation of rules

= No time consuming orientation phase

= Can be used at any stage of development
to validate Fibex files and recognise errors
as early as possible

= Automated testing, part of a tool chain.

Wolfgang Mickisch

= Comfortable operation
TW@
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Screenshot: Selection of Validation Rules

Open [g|

Fibex File
| Ci\Example.xml |[ Browse ]
Fibex4FlexRay Checker, - Prototype 3 Sohema File
file HER Yalidate
Rules |Rep0rt Log | Runtime Log |C:'|,FIBE><.><sd |[ Browvese ]
Selector Use Bus Cakeqory Rule Mo, Ver. Authar )
Report Logging
Bus fibex huscheck Rule137 1.0 IFT-Autoelekironik |~
[ ffibex buscheck Rule138 1.0 IFT-Autoelektronik [v] Bave Repork it
Al v 1 [fibex fibex Rulet41 1.0 IFT-Autoelekironik Irs.
Al [ [fibex fibex Rule1s0 1.0 IFT-Autoelektronilk Filename: | CiReport kxt | Browse B
Flescray || fibex fibex Rule1sa 1.0 IFT-Autoelektronil - |
Fitisse fibex  [fibex Rule157 1.0 |IFT-Autoelektronik Format: L
[ ffibex fibex Rule300 1.0 IFT-Autoelektronik . ) |
] [fibex  ibex Ruled 1.0 |IFT-Autoelekironik Loglevel: |
add [ [fibex nice2have Rule143 1.0 IFT-Autoelektronilk
[] Ifibex niceZhave  |[Rule147 1.0 IFT-Autoelekironik Cose Jhig
’ Remove ] [¥] |fibex nice2have Rule168 1.0 IFT-Autoelekironik Checks i all elements ho. COMPU-NUMWERATOR contain two values.
[ ffibex hice2have Rule1649 1.0 IFT-Autoelektronik Checks if all elements ho: ZOMPU-DENOMINATOR exist and their value is 1
=4 [] [fibex nicezhave Rule302 1.0 IFT-Autoelektronik Checks if name attribute ho:LONG-MAME exists.
[] IMexray  |huscheck Rulei 1.0 IFT-Autoelektranik Checks if all flexray clusters run at10, 5 or 2.5 MEit/s.
[] [fexray huscheck Rule106 1.0 IF T-Autoelekironik Checks constraint 14 {[FlexRay2.0], page 212}
[ |flexray  |buscheck Rule111 1.0 IFT-Autoelekironik Checks formula 5 ([FlexRay2.0], page 208).
[ Mexray  |buscheck Rule122 1.0 IFT-Autoelektronik Checks constraint 36 {[FlexRay2.0], page 223).
[ [flexray huscheck Rule124 1.0 IFT-Autoelekironik Checks constraint 12 ([FlexRay2.0], page 2123
[V] [Mexray  |huscheck Rule126 1.0 IFT-Autoelektranik Checks if gMaxithowtClockCorrectionP assive is smaller than g axdithout(
V] [fexray huscheck Rule127 1.0 IF T-Autoelekironik Checks constraint 19 ([FlexRay2.0], page 217).
[ |flexray  |buscheck Rule140 1.0 IFT-Autoelekironik Checks if all frames sent in the static seament do not exceed their allowed p
- ule160 1.0 IFT-Autoelekironik Checks for multiple channels A or B per cluster.
. ule2 1.0 IFT-Autoelektronik Checks if FlexRay clusters have high-low bit arder.
FibexdFlexRay Checker ule200 1.0 |IFT-Autoelektranik Checks if SPEED and SAMPLE-CLOGK-PERIOD are configured correctly,
Frototype 3 ule20q 1.0 IFT-Autoelektronik Checks if every cluster does not exceed the maximum number of sync nodes
ule3 1.0 IF T-Autoelekironik Checks ifflexray clusters have either one or two channels.
ule3ns 0.1 IFT-Autoelekironik Checks for frame timing collisions.
ules 1.0 IFT-Autoelektronik Checks constraint 13 {[FlexRay2.0], page 212)
uled 1.0 IFT-Autoelekironik Checks if all flexray channels run at 10MBit's.
uled0n 1.0 IFT-Autoelektranik Checks for properly setup flexray channel types. L
rvm uletdd 1.0 IFT-Autoelekironik Checks if signals containing a default value are sent ower a FlexRay channel. %
& ' :
Run
Institut fiir Fahrzeugtechnik und Mohilitat
Abteilung Elektronik & IT
Wolfgang Mickisch
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Screenshot: Validation Results and Help System

File Help

= Fibex4FlexRay Checker - Proi

Rules | Report Log | Runkime Log

£ Online Help

Select a help topic

Program Usage

Program Usage

Menus

Loglevel | warning

Further Information

l
[
[ Tabs
[

The FihexdFlexray-Checker-Prototype is a tool that can'be used to check Fibex files. The checks that canbe performed are a)
XML -scherna validation and b) rule checks. The niles do not only check the symtax and structure of the file, but additionally
perform a validation of walues assigned to the Fibex elements and other logical, bus-specific tests. The following guide iz
supposed to give abrief itroduction to the program and a step-by-step deseription of the settings reguired to perform the
checks and view the results. The detailed description of the menns and tabs can be found in the respecttve chapters of this help.

o

Aliflsec:nuenrﬁa e:-reo\;el st{:nf e Step by step guide

1. On prograrn start-up the Bules-Tab is displayed. To spectfiyy files for walidation and report logging open the Open-
wMLschema  |error 072 Jialneas by olicks .

e by clicking on Fls and selecting Cpan.

wMLschema  |error 113
WMLschema |error 5339 Mow a Fibex file can be selected. This is the file containing the Fibex data that has to be checked.
“MLschema  |error 9385 If a achema validation 1z needed it can be acttvated by checking the Fabidete checkbox and selecting an output file. The
“MLscherna  |error 0426 walidation can be dizabled by unchecking the checkboz it is not necessary to erase the path and filenaras in the
“MLschema  |error 10011 somesponding text fisld. ) )
e T— —— 10055 If a report Ing-file is required it can be selected in the Report Logging-field. The Sizve Reporf checkbox has to be checked
T S—— — 10145 and an output file has tobe chosen. The file-format and log?level ca.nbe set in the Format-and Loglevel pulldown menus

respectively. Lvailable options for the log-level are debug, info, warrning, error and fizfal, If, for exaraple, the log-lewel 1s
*MLschema  |error 10155 set to error only messages with a level of error and fiafal will e logged.
AhLschema  |error 10233 When all desired aptions are set the Open-dialogue can be closed.
sMLschema  |error 10272
wMLschera  |error 10310 2. If no rule checking is recpuired the scherna validation can be started by clicking the Fun button in the Bules Tah
wMLschema  |errar 10340 otherwise more settings can be made in this tah:
wMLschema  |error 10355 Col, 23cvc-complex-tvpe, 2.4.58: Invalid content was Found starting with element Flexray: STARTUP-RMCODE', One of “{"htkp:[fwwaw, asam, neklzml" LOMG-MAME, T
wMLschema  |error 10427 Col, 23 cvc-complex-tvpe.2.4.58: Invalid content was Found starting with element Flexray: STARTUP-RMODE', One of “{"htkp: [ fweiw, asam, neklxml" LOMG-MAME,

Rulel37 errar Frame message438 is too small, The bit position of a signal exceeds the frames byte length,

Rulel6d warning The Element ho: COMPU-RUMERATOR in coding codesignalzss40 should contain bwo values, ([Fibl. 1], page 70)

Rulel6d warning The Element ho: COMPU-RUMERATOR in coding codesignalzs91? should contain two values, ([Fibl. 1], page 70)

Ruleiss Warning The Elerment ho: COMPU-MUMERATCOR in coding codesignalza419 should contain two values, ([Fibl.1], page 700

Rulelss Warning The Elerent ho: COMPU-MUMERATOR in coding codesignal2a420 should contain two values, ([Fibl.1], page 700

Rulelss Warning The Elerent ho: COMPU-MUMERATOR in coding codesignal23320 should contain two values, ([Fibl.1], page 700

Rule16d Warning The Element ho: COMPU-MUMERATCOR in coding codesignal23321 should contain two values, ([Fib1.1], page 700

Rule16d Warning The Elerent o COMPU-RUMERATCOR in cading codesignal28445 shauld cantain bwa values, ([Fibl.1], page 700

Rule127 errar Winlakion of constraint 19 of the FlexRav-specification 2.0 {Canstrainks validate FlexRay-parameters). The confiqured value For Flesraw MUMBER-OF-MIMNISLOT!
Riles warning Element Flexray: MACRO-PER-CVYCLE in CLIJSTER clusterdflecr avbus1064 is not ideally configured according ko constraink 13 of the FlexRay-specification 2.0, T
Riles Error ‘Winlakion of constraint 13 of the FlexRav-specification 2.0 {Constrainks validate FlexRay-parameters). The configured value For Flexraw MACRO-PER-CYCLE (=
Rule100 warning A FlexRav-channel should be of byvpe xsibvpe="fexray : CTHANKNEL-TYPE", Channel flexr avbus1064 is not configured accordingly,

< >

ribex Checker finished.  elapsed 115

Save

Wolfgang Mickisch
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summary

» Problem
® Fibex files can contain a multitude of errors that cannot be found manually.

» Validation and rules checking

® The Checker-Tool can be used to perform schema validation as well as execution of
user defined rules.

» Plug-in interface

[ Thedruclles are implemented as plug-ins, so no deeper knowledge of the checker is
needed.

= fast and easy implementation of new rules

» Automated testing

® The checker can be run automatically using the command line control.
= quick and standardised validation of Fibex files.

» Example of use

® Support of the first FlexRay™
series implementation at BMW.

TW@

Wolfgang Mickisch Page: 30 08.05.2007



Thank you for your interest

TUV NORD

Institut fGr Fahrzeugtechnik & Mobilitat

Fachgebiet ,,Electronics & IT“

Wolfgang Mickisch

Phone + 49 201 — 825 4101
Fax + 49 201 — 825 4204
e-mail wmickisch@tuev-nord.de

Wolfgang Mickisch

-
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Kurzvorstellung ,,Analyse*

CONTROLLER

CONNECTOR

IHHI%H%I

Regel formal

CHANNEL

Info
GATEWAY MAPPING* PROJECT
Structure

Kat.

COMPOSITE
n n
v | m

Meldung / Kommentar

B138i

Ausgehend von allen Frames
$frame (//fx:FRAMES/fx:FRAME/@ID)

mul jeweils fur die darin vorkommenden Signal-Instances
$signalinst (//ix:FRAME/fx:SIGNAL-INSTANCES/fx:SIGNAL-
INSTANCE/@ID)

Uberprift werden, ob die Anzahl der Bits zwischen der aktuellen BIT-
POSITION
(/ix:SIGNAL-INSTANCE[@I|D=$signalinst]/fx:BIT-POSITION)

und der BIT-POSITION der nachsten SIGNAL-INSTANCE grofRer
oder gleich der BIT-LENGTH des referenzierten Signals ist:
$signal (//fix:SIGNAL-INSTANCE[@ID=$signalinst]/fx:SIGNAL-
REF/@ID-REF)

$coding (//fx:SIGNAL[@ID=%$signal]/fx:CODING-REF/@ID-REF)
(//fx:CODING[@ID=$coding]/ho:CODED-TYPE/ho:BIT-LENGTH).

Ist anstatt BIT-LENGTH eine MAX-LENGTH angegeben, muRR diese
Uberpriift werden
(//fx:CODING[@ID=$coding]/ho:CODED-TYPE/ho:MAX-LENGTH).

Short:
Signal $signal in frame $frame is too
long.

Verbose:

Signal $signal in frame $frame is too
long. The space between the BIT-
POSITIONs  configured in the
corresponding signal instances is too
small for the ho:BIT-LENGTH (or the
ho:MAX-LENGTH) in the CODING of
$signal.

Wolfgang Mickisch
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