Advantages of Utllizihg the OMNEST
Simulation Environment in
Automotive Research, Testing and
Verification
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The following challenges can be
addressed using OMNEST

« Rapidly increasing system complexity

« Heterogeneousnetworksand a variety of coding
environments
in the development

« Verify Control stability, robustness, functionality, determininsm.

« Reduce timeto market and costs.
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Challenges for the platform/system
integrator (OEM)

« OEMs need a process where requirementscan be specified
and verifiedon the system level.

« Requirements must be defined at the componentlevel, which
can be assigned to individual suppliers.

« Carsneed to be infegrate with cities, people, other vehicles
etc.
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Challenges for the component or
module developer (supplier)

« Representative stimulus signals should be developed for the
component testing

« A good understandingis required about other components
affecting the behavior of the component under development

« Messaging stimulusis hard to develop and maintain with
parameterand design changes

« Using more and more wireless sensors
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What is OMNEST?

A generic simulation framework:

« For the simulation of complex distributed systems:
— distributed hardware and software architectures,
— communication networks,
— queuing networks, ...

« Technically: a C++-based simulation kernel plus a set of
libraries and tools (GUI and command-line)

« An open environment

— interms of source code, embedding, extensibility, intfegration,
modularity
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Model Structure

Component-oriented approach:

- The basic building block is a module.
- Simple modules can be grouped to form compound modules.
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Defining the Behaviour

Behaviouris encapsulated in simple modules.

A simple module:
— sends messages,
— reactstoreceivedmessages
— collectsstatistics

Simple modules are programmed in C++,
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Simulation Models Available for Several
Domains

« Communication network protocols: TCP, IPv4/IPvé, Ethernet,
VolP, WiFi, ad-hoc wireless networks...

« Automotive protocols: CAN, LIN, DC-BUS, FlexRay, IEEE 802.1
AVB

« Wired and wireless sensor networks

« Support for Hardware-in-the-Loop simulations
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Scenarios




Example application using both
INn- and inter-vehicle communication

Traffic Light
Controller
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General Vehicle Model

Vehicle Model

7 Specific configuration of the Vehicle

simulation

Model in one of the cars during the
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Gateway Model

Traffic_Light_Sync.vehicle_RoadA[0].gateway[0]
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IN-Vehicle Network Model

Traffic_Light_Sync.wvehicle_RoadA[0].in_Vehicle_netweork[0]
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Full External Lights Control model

Traffic_Light_Sync.vehicle RoadA[0].in_Vehicle_network[0].fullExternalLightsCont
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Demonstration Setup
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Use inheritfance

« Network/systeminheritfance .= refic Light sync

4 & RoadA (network) < VehicleMum = 1 (MED default applied implicitly)
a [ Intersection (network) - i€} configurator : IPvdMNetworkConfigurator
a [i& Protected_Intersection (network) : channelCentrol : ChannelControl
a [ Traffic_Light_Sync (network) - @ vehicle_RoadA[VehicleMum] : Vehicle
= MasterControllerTestSuite (network) - vehicle_ReoadB[VehicleMum] : Vehicle
= ControllerBoxTestSuite (network) [] Intersection_Controller : linetxnetGatewayBase

; traffic_Lightl : Traffic_Light
° MOd U I e in heriTO nce ) traffic_Light2 : Traffic_Light

. [] CAN_bus: Bus

Lightl : Simple_Traffic_Light
Light2 : Simple_Traffic_Light
Central_Server: StandardHost
. i@ router: Router

4 [E| ModeBaze (compound module)

»

4 [&] inetnetGatewayBase (compound module) :
i

»

4[5 GeninetenetGateway (compound module)
& InVehicleGateway (compound module)
& TrafficLightControlerBox (compound module)

& Traffic_Light_cont (compound module)

. <L accessPoint : AccessPoint
» | info_Station : Info_Station
. A Intersection_Controller.ethg[*].channel : Eth1000

L |niTiO| p(]rCImeTer " Intersection_Controller.communication[*].channel : IdealChannel
. . . . . traffic_Lightl.Setlight.channel : DelayChannel
Iﬂherl'l'(:lﬂce (COﬂfIgUfOTIOﬂ) . traffic_Light2 Setlight.channel : DelayChannel

# CAN_bus.port[*].channel : IdealChannel

A CAN_bus.port[*].channel : IdealChannel
- Central_Server.ethg[*].channel : Eth100M
» # router.ethg[*].channel : Eth100M

4 2= Road& (network)
a [ Intersection (network)
a [ Protected_Intersection (network)

/ a [E] Traffic_Light_Sync (network) ) . .
~ \ vd & MasterControllerTestSuite (network) /" accessPoint.ethg["].channel : Eth100M
— - & ControllerBoxTestSuite (network)
— (
4
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Reuse existing code and custom libbraries

Application layer control code can be
integrated for testing functionality
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void UDPPositionApp::handleMessage(cMessage *msg)

{

updateMyPosition();

if (msg->isSelfMessage())

{ processTimer(msg);

}else if (msg->getKind() == UDP_|_DATA)

: // process incoming packet
processPacket(PK(msg));

}

else if (msg->getKind() == UDP_|_ERROR)

{
EV << "Ignoring UDP error report\n";
delete msg;

}

else

{

error("Unrecognized message (%s)%s", msg->getClassName(), msg->getName());

}

if (ev.isGUI())

{
char buf[40];
sprintf(buf, "rcvd: %d pks\nsent: %d pks", numReceived, numSent);
getDisplayString().setTagArg("t", 0, buf);

}

numCars1

A 4

numcars2

numCars1 Ow Light 1 double —» 1)

tD Data Type Conversiol
numCars2 Light2
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h 4

Traffic Controller
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Reuse existing models

Models written in:

e C/CH++

« Simulink

o SystemC

« NI Model Interface Toolkit compatible models

Continuously growing scientific and student community
is developing models for OMNEST/OMNeT++

- QOver 10,000 academic installations

- About 300 publications each year, growing steadily in number
(Google Scholar data)

- Open source models

PimnesT



Network Analysis (hetwork architect

« Jitter, latency analysis

« Signal propagation time check
« Bandwidth analysis
 Eventdiagrams
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Full virfual testing takes advantage of
the high performance simulation kernel

« 500k-1000k events/sec

« Complexsystemsrun at 5-10x real time.
« Scalable by using parallel simulation

« Check signal behaviorand fiming
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Reuse models in component testing
and system integration for
Rest-Bus Simulation

 Use real hardware « External Ethernet
together with adapter
prototype hardware . Exiernal WiFi
or connect an . NI-XNET CAN, LIN,

existing production
component to the
rest of the system
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Use COTS hardware to quickly prototype
the new component
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Capture and visualize bus traffic with
your favorite tools

Py

[Z] InVehicleGateway) ..c_Light_Sync.ehicle RoadA[0] gateway[0]

E: EHEE A ) + & e =+
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06:34:00,086 | 00000053 | CAN Data Fri

—
( 06:33:59.729 | 00000053 | CAN Data Fri
- 06:33:59.660 | 00000053 | CAN Data Fr.
N 0 Emergency Brake 06:33:50.576 | 00000053 | CAN Data Fri
_-':, 06:33:59.573 | 00000053 | CAN Data Fr:

ZTmnEET Menitoring CAN BUS Messages and Sending Emergency Brake Signal te Simulator

Signal Chart CAMN Frame Meonitor

TimeStamp | ID Frame Type
06:34:01.161 | 00000053 | CAN Data Fri| 1
06:34:01.075 | 00000053 | CAN Data Fri| 1
06:34:01.073 | 00000053 | CAN Data Fri| 1
06:34:00.729 | 00000053 | CAN Data Fri| 1
06:34:00.693 | 00000053 | CAN Data Fri| 1
06:34:00.576 | 00000053 | CAN Data Fri| 1
06:34:00.573 | 00000053 | CAN Data Fri| 1
\ , 06:34:00.262 | 00000053 | CAN Data Fri| 1
~ / 06:34:00.156 | 00000053 | CAN Data Fri| 1
06:34:00,088 | 00000053 | CAN Data Fri| 1
e 1
1
1
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Reuse models and simulation components
INn hardware validation testing

« Send the componentsto a Real-Time hardware testing
environment such as NI-VeriStand

Network configuration and connections can be exportedto
an NI-VeriStand System Definition file
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Thanks you for your attention!

Come to the table, ask us questions, and
Visit www.omnest.com !
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