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HIL Simulation Requirements for FlexRay Systems

❑ Real-time Simulation of SUT’s Environment
❑ Simulation of system environment (from sensors/to actuators)

❑ Simulation of remaining bus (other ECUs)

❑ Deterministic Timing Behavior
❑ Constant latencies and low jitter

General HIL Requirements

HIL Simulator

SUT
Signal Output
(Bus Access)

Actuator Output
(I/O)

Signal Input
(Bus Access)

Sensor Input
(I/O)

Remaining Bus
and/or

Environmental
Simulation SUT = System Under Test
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HIL Simulation Requirements for FlexRay Systems

❑ Synchronous Model Execution
❑ Synchronous update of models according to global FlexRay time

❑ Periodic Frame Transfer (at short cycle times)
❑ Support of cycle multiplexing (e.g. for multi-rate systems)

❑ Fast Notification and Updates

❑ Support of In-Cycle responses

❑ FIBEX Access
❑ Configuration of FlexRay controller (cluster parameters and TX buffer reservation)

❑ Symbolic access to frames and signals

❑ Frame transmission according to FIBEX schedule table

FlexRay HIL Requirements
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HIL Simulation Requirements for FlexRay Systems
Synchronous Model Execution

Requirements for Time-Triggered Communication Systems:

� Models must be updated synchronously to communication system

� Data consistency per cycle must be guaranteed

Problems with Asynchronous Model Execution:

Write by Model

Read by FR Controller
Under Sampling

Over Sampling
Write by Model

Read by FR Controller

Data gets lost

Data used twice
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Notification Concept for FlexRay Models

� Multiple notification points for synchronously updating FlexRay models:

❑ Notification can be restricted to specific cycles using Cycle Multiplexing

static segment dynamic segment NITsymbol 
window

static segment dynamic segment NITsymbol 
window

Start of Cycle

Slot Offset

Frame/Symbol Update

Frame Error/Null Frame

FlexRay Controller 
State Change 

cycle n cycle n+1

Synchronous Model Execution with CANoe
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Notification Concept for FlexRay Models

❑ E.g. Slot Synchronous Activation in Simulink:

❑ CAPL Trigger:

Integration of Matlab/Simulink Models in CANoe

on Slot GearBoxInfo // is being called after the slot that 
// contains GearBoxInfo has been passed

{
triggerSimulinkCalculation();    // trigger Simulink subsystem

// directly after signal update 
}
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Notification Concept for FlexRay Models
Communication Deadline Observation with CANoe

� Optional notification of delayed bus data

❑ CANoe guarantees synchronous model execution

❑ Model execution time can however cause deadlines to be missed

❑ Transmission of model data may be delayed to next cycle

Model update

CC transmit

Model update is too late

A B C D E

A B C C D

F

F

one cycle

Model data

Bus data

Warning by CANoe

Optional re-sync of model
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Notification Concept for FlexRay Models
Guaranteeing Data Consistency per Cycle with CANoe

� Update Group can be defined for a set of send buffers

❑ for guaranteed sending of data for slot A and slot B in the same cycle!

❑ updating slot A and slot B results into an overall
committed or delayed transmission:

A B

current cycle

Update expected for current cycle

Update delayed to next possible cycle

one slot

t

Update expected for next possible cycle
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Signal Layer for FlexRay Models

� Models can be easily created using CANoe’s Signal Layer

❑ Signal definition and frame layout according to FIBEX database

❑ Direct read/write access to signals (without frame qualification)
❑ Collection of all signal updates

❑ Automatic update of TX buffers of FlexRay controller

❑ Notifications for signal updates and signal changes

Symbolic Signal Access with CANoe

FlexRay Bus

CANoe
setSignal

getSignal

FIBEX

Symbolic access

Manages automatically transfers and setting of PDU update bits

FlexRay
Interface

Model Signal Layer
maps signals to PDUs/frames
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Signal Layer for FlexRay Models

❑ CAPL Interface to Signal Layer:

Symbolic Signal Access with CANoe

on signal_change Gear  // the signal has changed on the bus

{

if ((this == 1) && ($CarSpeed > 6)) return; // reading buffered bus signals

$SetGear = this;   // writing new signal value to the bus (with implicit 

// PDU/frame update)

}

on signal_update Gear  // the signal is updated on the bus

{

if (this == 0) {    // reading buffered bus signal

$BackUpLight = 1; // writing new signal value to the bus (with implicit 

// PDU/frame update)

} else {

$BackUpLight = 0;

}

}



14

© 2007. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.

Slide: 

Signal Layer for FlexRay Models

❑ Simulink Interface to Signal Layer 

❑ Calculation in Simulink with direct access to the Signal Layer

Matlab/Simulink Model Integration in CANoe
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HIL Platform for FlexRay Systems

Observations:

❑ Applications running parallel to CANoe can negatively affect: 

❑ Deterministic Timing Behavior
❑ Leading to non-constant latencies and higher jitter

❑ Synchronous Model Execution

Proposals:

� Run CANoe exclusively on execution platform

� Separate real-time and analysis path of CANoe 

� Use high performance hardware

Solutions:

� Use CANoe RT

� Use Real-time Box or Real-time Rack

Motivation for CANoe RT

� Deterministic and powerful
execution platform
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HIL Platform for FlexRay Systems

CANoe RT System
❑ CANoe RT User PC

❑ Front end for CANoe GUI
❑ Host for logging data and test results

❑ CANoe RT Server
❑ Real-time execution server for:

❑ remaining-bus and environment simulation
❑ test script execution

Mid-Size HIL Environment

CANoe RT User PC

Ethernet

CANoe RT Server

Digital I/O Analog I/O

CAN

MOST
LIN

FlexRay

ECU Real-Time Rack
Compact 
Real-Time Box

CANoe RT Server Platforms
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HIL Platform for FlexRay Systems

❑ Scalable and cost-effective performance using state-of-the-art hardware

❑ Scalable no. of I/O and bus interfaces 

❑ Same model description can be used for all CANoe platforms

Scalability of CANoe RT

or or
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HIL Platform for FlexRay Systems

Main Features:

❑ Very fast data transfer and update times due 
to DMA interface 

❑ No data loss even at 100% FlexRay bus load

❑ Extremely quick In-Cycle response times

❑ Unlimited no. of FlexRay nodes can be 
simulated

❑ Network startup without any coldstart node

❑ Monitoring of network startup

High Performance FlexRay Interface – VN3300
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Summary

� CANoe’s Notification Concept

❑ Guaranteed synchronous model execution

❑ Multiple notification points for synchronously updating FlexRay models

❑ Optional notification of delayed bus data

❑ Update Group for guaranteed data consistency

� CANoe’s Signal Layer

❑ Models can be easily created using symbolic definitions in FIBEX database

❑ Notifications for signal updates and signal changes

❑ Matlab/Simulink Interface to Signal Layer

� CANoe RT as Mid-sized Scalable HIL Platform

❑ RT Server Platforms: Compact Real-time Box or Real-time Rack

❑ Same model description can be used for all CANoe platforms

Vector’s Solutions for Simulating FlexRay Systems 
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Roadmap

❑ Already available:

❑ Real-time Box/Rack with Windows XP Embedded/Professional

❑ Coming soon:

❑ Support for multiple FlexRay interfaces (VN3x00)

❑ Real-time Box/Rack with Windows CE

❑ Further improvements expected for (interrupt) determinism

CANoe RT Platforms
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Thank you for your attention. 

For detailed information about Vector

and our products please have a look at: 

www.flexray-solutions.com
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