
CVIS
Open Platform for Co-operative Systems

Ola Martin Lykkja
Q-Free



Trondheim, 2009-10-12 CVIS Platform

Introduction to CVIS

ÅCVIS Project and Consortium

ÅCVIS Hardware Platform

ÅCVIS Facilities

ïCommunications ïCOMM

ïPositioning ïPOMA

ïApplication Framework ïFOAM

ïCooperative Monitoring ïCOMO

ÅApplication Development

ÅApplication Deployment
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CVIS Project facts and figures

Coordinator:

Budget/EC funding:   

Partners:

ERTICO

Mú41/22 

61 partners
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CVIS Project Objective

Increase efficiency and safety through V2V and V2I cooperation

enabled by:

ï an open architecture and an universal platform prototype

ï a wireless network amongst vehicles & infrastructure 

ï a framework for application management

ï enhanced positioning and mapping solutions

ï cooperative data management and sharing

ï innovative cooperative applications
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CVIS Prototype Development
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CVIS Prototype Development

CVIS Host

Operating System  (Ubunty Linux) and Hardware (sensors, actuators etc)                    

OSGi Framework (Knopf lerf ish)

Domain Facilities Basic Application Facilities

Real-time

applications

Security

Positioning Directory
(DDS)

Mapping

Provisioning

é

COMM
CALM APIMonotoring

Traff ic Mgmt

Dangerous
Goods

Parking
Reservation

Dynamic
Bus Lane

Enhanced 
Driver 

Awareness

Device Access

HMILocation
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CVIS Prototype Development

CVIS Sensor & 802.11p cardGyro

Accelero-
meter

20ch
GPS

OBD-II
CAN Bus

CEN 
DSRC

2.5 / 5 GHz 
802.11 radios
modified for:

- Euro 802.11p
- DSRC RT sync
- GPS time sync

FPGA: PCI, Serial ports & softcoreCPU
RealtimeGPS & DSRC sync, sensor fusion/timestamp

CVIS 2G/3G card
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CVIS Prototype Development

CVIS Vehicle Antenna

GPS

Antenna

CEN DSRC

Antenna

2-6 GHz

Antenna 1

2-6 GHz

Antenna 2

GSM/UMTS

Antenna
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CVIS Prototype Development

Local Dynamic Map
Cooperation example: Development 

from SAFESPOT used in CVIS

IPv6 Home Agent
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CVIS Prototype Development

Host management centre
Provisioning and life-cycle mngm. 

of applications and services
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CVIS Prototype Development

Local Dynamic Map
Cooperation example: Development 

from SAFESPOT used in CVIS
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CVIS Sub-projects

ÅFacilities 
ïCOMM ïCommunications and Networking

ïFOAM ïFramework for Open Application Management

ïPOMA ïPositioning, Maps & Local Referencing

ïCOMO ïCooperative Monitoring

ÅApplication-oriented
ïCURB ïUrban cooperative system applications

ïCINT ïInterurban cooperative system applications

ïCF&F ïCooperative Fleet and Freight applications
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CVIS Applications ïCURB

Urban area applications
ïCooperative network management

ïCooperative area destination-based control

ïCooperative acceleration/deceleration

ïDynamic bus lanes
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Interurban area applications
ïCooperative travellers' assistance

ïEnhanced driver awareness

CVIS Applications ïCINT
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Freight & Fleet applications
ïAccess control

ïDangerous goods

ïDelivery space / parking booking

CVIS Applications ïCF&F
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CVIS Platform Sites

16

Å CVIS (~150 stations)

Å13 sites in 6 countries

Å SAFESPOT

ÅSeveral joint CVIS 

sites

Å Other projects

ÅCoopers, SeVeCOM, 

GeoNet, ANEMONE, 

WiseCar, Smartfreight, 

Preciosa, GeoNet, 

Realsafe

Å Also research institutions

ÅTelefonica



Test Site Norway

ñTest Site Norwayò is the primary Norwegian site for testing and validation of 

new ITS technology, applications and services. The test site includes the main 

road network in the city of Trondheim and also encompasses:

Instrumented roads with wireless 

communication technologies based on 

CALM, including support for 5.9 GHz 

vehicle-to-roadside communication.

Instrumented vehicles for use in project 

activities and for demonstration.

Infrastructure with instrumented multi-

modal transport network.

Driving simulator including models and 

real-time feeds from the road network in 

Trondheim.



Close cooperation between actors

Å Industry

Å Public road administration

Å University

Å Municipality

Å Research institutions

Connection to European R&D projects

and activities:

What makes Test Site Norway unique?

Large number of roadside units

Right size city

Å Approx. 90.000 light vehicles

Å Population approx. 167.000

Å Easy to equip significant portion 
of vehicle fleet

Environment

Å Nordic climatical conditions

Multi-modality

Å Road

Å Railway

Å Short sea

One common network backbone

http://www.ntnu.no/its-tsn

email: its-tsn@ntnu.no

Trondheim

Living Lab



NetLab (Network Laboratory) in Context

The Network Laboratory (NetLab) was established 

with an objective on R&D (including Intelligent 

Transport Systems), based on wireless access and 

network technology. 

NetLab is part of the organization Wireless 

Trondheim Living Lab. The organization also 

includes the Information Services project at NTNU 

and Wireless Trondheim Ltd.

The planned NetLab Phase 1 (Spring 2009) consists 

of 14 street lab stations and 4 rooftop lab stations. 

The street labs are located from mid-town Trondheim 

to the intersection with the E6 tangent as shown in 

the map on the right. The red markers indicate street 

lab stations, while the blue show the four rooftop lab 

stations.  7 are operational (sept 2009).
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CVIS Hardware Platform

ÅAxiomtek ïeBox 638 FL

ÅUbuntu 8.04 LTS

ÅVehicle Router

ïCommunication Cards

ïHeadless

ÅVehicle Host

ïTouch screen

ÅRoad Side Unit

CVIS Sensor & M5 card
Gyro

Accelero-

meter

20ch

GPS

OBD-II

CAN Bus

CEN 

DSRC

2.5 / 5 GHz 

802.11 radios

modified for:

- Euro 802.11p

- DSRC RT sync

- GPS time sync

FPGA: PCI, Serial ports & softcore CPU

Realtime GPS & DSRC sync, sensor fusion/timestamp
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Vehicle Antenna (rooftop)

Å5 Individual Antennas

ÅBroadband monopole CALM M5

Å5.9 GHz collinear CALM M5

ÅBroadband CALM 2G/3G

ÅCEN-DSRC

ÅGPS

New 5.9 GHz  

collinear CALM M5 

antenna  to improve 

link budget

CVIS Vehicle antenna
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CVIS Vehicle Platform 1.0

Antenna

Mobile Router Mobile Host

Touch Display

CVIS Sensor & M5 card
Gyro

Accelero-

meter

20ch

GPS

OBD-II

CAN Bus

CEN 

DSRC

2.5 / 5 GHz 

802.11 radios

modified for:

- Euro 802.11p

- DSRC RT sync

- GPS time sync

FPGA: PCI, Serial ports & softcore CPU

Realtime GPS & DSRC sync, sensor fusion/timestamp

CVIS Reference Antenna

GSM/UMTS

Antenna

2-6 GHz

Antenna 2

2-6 GHz

Antenna 1

GPS

Antenna

CEN DSRC

Antenna

http://lilliput.manufacturer.globalsources.com/si/6008801432124/pdtl/LCD-PC/1003557382/7-Inch-Standalone-Car-PC-Monitor.htm
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CVIS Vehicle Platform 2.0

Smart

Antenna
Touch 

Computer

ÅBoth PCs gone

ÅRadio functions 

embedded in antenna

ÅApplications, LDM 

and Facility run in 

Touch Computer

ÅLower cost, simpler 

installation

ÅStill:

ïSame interfaces

ïSame SW

http://lilliput.manufacturer.globalsources.com/si/6008801432124/pdtl/LCD-PC/1003557382/7-Inch-Standalone-Car-PC-Monitor.htm
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CVIS Facilities

ÅCOMM

ïCommunications and Networking

ÅFOAM

ïFramework for Open Application Management

ÅPOMA

ïPositioning, Maps & Local Referencing

ÅCOMO

ïCooperative Monitoring

ïIncludes LDM (Local Dynamic Maps).
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CVIS Layers

OSGi Framework (Knoplerfish)

Basic Application Facilities Domain Facilities

Operating System (Ubuntu LINUX) and Hardware (sensors, actuators etc)

Native / Real-time

applications

Applications

Facilities

Security

Directory

DDS

COMM

CALM API

HMI
HMCA

Lifecycle

(GST)

Payment

Time &

Location

Native

InterfaceData

Subscribe

Dangerous

Goods

Parking

Reservation

Dynamic

Bus Lane

Enhanced

Driver

Awareness

Coop

Area

RoutingCoop

Network

Mngt.
Travelers

Assistance
Access

Control

Coop

Traffic

ControlCoop

Monitoring

Ego

Data

Data 

Fusion

Local

Dynamic

Map

API
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COMM

ÅCommunications and Networking 

ÅIPv6 with mobility extensions
ïUMIP implementation of the MIP6 (RFC-3775)

ïNEMO BS (Network Mobility Basic Support) (RFC-3963)

ïMCoA (Multiple Care-of Addresses)

ïHandover

ÅCALM FAST

ÅCALM management implementation

ÅCALM lower layers implementation

ÅWireless media: DSRC, IR, M5 and 3G
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Communications Architecture

M5

DSRC

IR

GPS

UMTS

27
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CALM

ÅCALM defines multiple communication 

scenarios

ïV2I Non-IPv6

ïV2V Non-IPv6

ïV2I Local IPv6

ïV2V Local IPv6

ïV2I MIPv6

ïV2I NEMO
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M5

ÅIEEE 802.11p or WAVE

ïSimilar to WiFi, optimized for vehicles

ÅControl Channel at 5.9 GHz

ïConnection Management

ïService Announcements

ïLow latency, fixed rate at 6 Mb/s

ïPractical throughput å 3 Mb/s

ÅAux Channel at 5.6 GHz (variable)

ïVariable bitrate 6 ï54 Mb/s

ïI2V only ïDue to spectrum restrictions
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CALM Communications Kernel

ÅCALM Communications Kernel (CCK)
ïIn host and router

ïCALM Manager (CM)

ÅMain tasks of CM
ïSelect a Mobile Router (MR) with a Virtual 

Communication Interface (VCI) on that particular MR 
for a certain application.

ïCI management

ïVertical and horizontal handover of sessions

ïRouting table management

ïApplication programming interface (API) for 
applications
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Mobile IPv6

ÅIPv6 Mobility Extension Headers for Mobile IPv6 
signaling messages, such as Binding Updates, 
Home Address, Care-of Address, and Binding 
Requests

ÅIPv6 Destination Option to include a Mobile 
Nodeôs Home Address

ÅType 2 Routing Header for Route Optimization

ÅICMPv6 messages for Home Agent Discovery 
Requests and Replies, and Prefix Solicitations 
and Advertisements

ÅRouter Advertisements containing Mobile IPv6 
attributes
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MNN ïMR - HA

ÅMobile Network Node (MNN)

ÅMobile Router (MR)

Å Home Agent (HA)

Å Correspondent Node (CN)

https://cvis.be/trac/cvis-comm/attachment/wiki/PolicyRouting/fig2.PNG
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MR ïHA ïPolicy Exchange

ÅBlocking or Non-blocking

https://cvis.be/trac/cvis-comm/attachment/wiki/PolicyRouting/gif_1.3.gif
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CALM Handover

ÅSelect bearer based on reliability & hints

ÅWhen current bearer get below threshold

ïStart timer

ïSelect new

bearer

ïUpdate HA

Time

3G

M5 1

M5 2

Handover Limit
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Service Announcement

ÅCALM layers will periodically broadcast a 

short message (< 1400 bytes)

ïService Id (PID)

ïURL ïhttp://[2001:34:55::17]/more-info-here.xml

ïService Data

Å Vehicle recv SA

Å Vehicle ask SC

Å Vehicle get details



CALM M5 ïVehicle to vehicle
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CALM M5 ïRoadside to Vehicle
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COMM ïSoftware distro

ÅCOMM are packed with CVIS core sw

ïLinux / Ubuntu

ïNetwork drivers and utilities

ïNetwork configuration tools

ÅRamsys makes a special linux distro

ïcvis-linux-r8-i386.iso

Åhttps://cvis.be/trac/cvis-comm/
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FOAM

ÅFramework for Open Application 

Management

ÅOSGi R4

ÅKnopflerfish by Makewave, Sweden



1. FOAM Run-time

OSGi framework + Services 

2. FOAM Run-time

OSGi framework + Services 

3. FOAM HMC

Deploy & Provision, DDS

4. FOAM Security

Security functions 

FOAM in CVIS
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FOAM Components

ÅFOAM Run-time environment
ïOSGi framework + services

ïComes preinstalled with CVIS host

ïUsed for both vehicle and road-side units

ÅFOAM HMC ïHost Management Center
ïCentral System for Deployment & Provisioning

ïOne HMC per test site (logical view)

ÅFOAM Security
ïCentral System for Security

ïOne Security Center per test site (logical view)
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FOAM facilities ïVehicle/RSU

ÅOSGi Framework and Lifecycle Management

ÅDistributed Discovery Service

ÅSecurity and Identity

ÅCALM Communication
ïConnection Manager

ïData Broadcast

ïService Announcement

ÅHuman Machine Interface

ÅLocal Device Tree
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FOAM facilities ïCentral System

ÅService Deployment

ÅService Provisioning

ÅSecurity

ÅDistributed Directory Service (DDS)
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FOAM Run-time Components

ÅCVIS Host Components

ïComes pre-installed with CVIS host

ÅCVIS Central System Components

ïHMC, Host Management Center

ÅEach test-site have their own HMC

ÅCan though be shared physically

ÅHMC can be installed at the test-site

ÅItôs a linux computer running Ubicore and Postgres SQL

ïSecurity

ÅCurrently under investigation.
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FOAM - OSGi

ÅJava-based service platform

ÅIt is a framework that defines

ïapplication life cycle management model

ïservice registry

ïexecution environment

ïmodules: encapsulation, dependencies
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FOAM ïCALM Connection Service

ÅServices for communication channels between CVIS 

hosts, either using WAN (3G), or P2P (CALM)

ïStream or Datagram, IPv6 or Fast

ÅCALM Data Broadcast Service

ïServices for broadcasting data using CALM Fast

ïUses EventAdmin to distribute CALM events locally

ÅCALM Service Advertisement

ïAnnouncing & establishing P2P connections using broadcast.

ïAnnouncing services

ÅAll communication must use using IPv6 or CALM/FAST

ÅSeamless over different bearers: 3G, M5, IR
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FOAM - HMI

ÅCVIS are not developing a reference HMI

ÅThis has been covered in Adaptive Driver-vehicle 
interfacE (AIDE) Project

ÅA non-normative Application Manager has been build 
within the OSGi framework.
ï Uses OSGi services

to build touch-screen
HMI in a simple way

ï Desktop

ï Status Icons

ï Skinable
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FOAM - LDT

ÅLocal Device Tree

ÅGives applications secure access to the vehicle and 

road-side sensor data (Vehicle Tree / Road Side Tree) 

interface in the Host

ÅSynchronous Request / Response or asynchronous 

Subscribe / Publish interface to access individual 

parameters / sensor values

ÅRead-only in CVIS

ÅThe physical realization of the Gateways will be 

performed mainly by the vehicle manufacturers (CAN / 

ODB II) and road side system manufacturers
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FOAM ïLDT - Vehicle Tree

ÅVehicle Tree must be integrated by vehicle 

manufacturers (CAN / ODB II)

ÅFramework is ready in FOAM

ïIncludes a simulator

ÅProvides a uniform view of any vehicle

ïGives access to sensor

related status information

like speed,

brake status,

etc.

ÅThe vehicle LDT is

organized in a tree structure
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FOAM - DDS

ÅDistributed Directory Service

ïto serve as yellow pages service for CVIS 

network wide services.

ïallows an application to search for 

applications running on other CVIS hosts 

based on a set of specific selection criteria.

ÅThree parts

ïDDS API

ïDDS client implementation

ïDDS server implementation
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FOAM - Software distro

ÅKnopflerfish is packaged in two editions

ïcvis-sdk-1.8 ïfor development

ïubicore-cvis-client-3.3 ïfor deployment

ÅHMC

ïcvis-hmc-3.3

ÅRelated tools

ïEclipse plugins for development

Åhttps://cvis.be/trac/cvis-foam/
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POMA

ÅPositioning, Maps & Local Referencing

ÅPositioning modules (GPS, gyro, accel, é)

ÅIndicator of overall integrity/robustness

ÅMap modules

ÅMap-matching

ÅBasic technologies

ïLocation referencing, based on AGORA-C

ïGeo-referencing language
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POMA - Hardware

ÅTwo different hardware packages
ïBasic package utilizing GPS receiver, gyro 

and accelerometer on the ivscc

communication card inside vehicle router.

ïAn ultimate or extended package using 

external high-end, expensive GPS receiver 

and navigation sensors.
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POMA - Components

ÅRTMaps from Intempora

ÅEGNOS enhanced positioning from 

Thales Alenia Space

ÅWLAN based positioning from ISMB

ÅHybrid fusion algorithm from 

LIVIC/LCPC

ÅMap-matching from UTC/CNRS with 

NAVTEQ and Tele Atlas map engines
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What is RTMaps ?

ÅReal-Time Multisensor Advanced 

Prototyping Software
ïModular component-based development

ïAsynchronous, multi-threaded execution engine, 

data flow oriented

ïGraphical applications building

ïPowerful C++ SDK for optimized algorithms 

integration as plugins

ïData timestamping from any kind of sensors

ïRecording / Replay functionalities
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POMA ïFunctional Overview

GNSS - Based

Positioning

Map

Database

EGNOS

Receiver

GNSS

Receiver

Infrastructure

Positioning

Module

Hybrid

Positioning

Map

Matching

DR

Sensors

Hybrid

Solution

Map

Matched

Solution

Update

Service
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POMA ïImplementation

RTMaps

Sensor Data 

Acquisition

EGNOS 

Module

Hybrid

Fusion

Map

Matching

Router PC

OSGi

POMA 

Positioning

Test

Client

AGORA-C

S
o
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t

Host PC

Map

Cache

Server

Map

DB
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o
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k
e
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S
o
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k
e
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POMA ïRTMaps diagrams

ÅRTMaps are configured with diagrams

ÅTwo main diagrams

ïGPS + Egnos corrections (egnos model)

ÅGPS receiver

ÅEgnos correction via 3G/internet

ïHybrid fusion model

ÅAccelerometer, Gyro

ÅVehicle speed (odometer, CAN or OBD II)

ÅWill not work without these 3 inputs
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POMA ïSoftware distro

ÅRTMaps

ïcvis-poma-rtmaps-3.4.4-4.deb

ïcvis-poma-1.6-2.deb

ïsensor data recordings (optional)

ÅFOAM components

ïcvis-poma-bundles.tgz

ïAdditional for map matching and Agora-C

Åhttps://cvis.be/trac/cvis-poma/wiki/public/*
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COMO

ÅCooperative Monitoring

ÅLocal Dynamic Map

ÅImported from Safespot project

ÅEach entity broadcasts own info

ÅEach entity creates own overlay
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LDM ïLocal Dynamic Map


