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Introduction to CVIS

A CVIS Project and Consortium
A CVIS Hardware Platform
A CVIS Facilities
I Communications i COMM
I Positioning i POMA
I Application Framework i FOAM
I Cooperative Monitoring T COMO
A Application Development

A Application Deployment

¢ CVIS
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CVIS Project Objective

«'CVIS

Increase efficiency and safety through V2V and V2l cooperation
enabled by:

an open architecture and an universal platform prototype
a wireless network amongst vehicles & infrastructure

a framework for application management

enhanced positioning and mapping solutions
cooperative data management and sharing

innovative cooperative applications
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CVIS Prototype Development

¢ CVIS

Roadside System
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CVIS Prototype Development

¢ CVIS

Roadside System

Central System
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CVIS Mobile Router
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FPGA: PCI, Serial ports &olftcoreCPU
RealtimeGPS & DSRC sync, sensor fusion/timestamg
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CVIS Prototype Development

¢ CVIS
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CVIS Prototype Development
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CVIS Prototype Development

¢ CVIS
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CVIS Prototype Development
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CVIS Sub-projects

A Facilities
I COMMT Communications and Networking
I FOAM T Framework for Open Application Management

I POMA'T Positioning, Maps & Local Referencing
I COMOT Cooperative Monitoring

A Application-oriented

I CURB T Urban cooperative system applications
I CINT T Interurban cooperative system applications
I CF&F 1 Cooperative Fleet and Freight applications

¢ CVIS

Trondheim, 2009-10-12 CVIS Platform



CVIS Applications i CURB

«'CVIS

Urban area applications

- Cooperative network management
" Cooperative area destination-based control
- Cooperative acceleration/deceleration

Dynamic bus lanes L

13



CVIS Applications T CINT

«'CVIS

Interurban area applications

I Cooperative travellers' assistance
I Enhanced driver awareness

14



CVIS Applications 1T CF&F

«'CVIS

Freight & Fleet applications
I Access control
I Dangerous goods
I Delivery space / parking booking

15



CVIS Platform Sites

¢ CVIS

%}é\» CVIS (~150 stations)
A 13 sites in 6 countries
<& SAFESPOT

A Several joint CVIS
sites

<& Other projects

A Coopers, SeVeCOM,
GeoNet, ANEMONE,
WiseCar, Smartfreight,
Preciosa, GeoNet,
Realsafe

A Also research institutions
+ A Telefonica

Trondheim, 2009-10-12 CVIS Platform
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Test Site Norway

¢ CVIS

ARnTest Si t asthd primanaNovegian 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 muilti-
modal transport network.

Driving simulator including models and
real-time feeds from the road network in
Trondheim.
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What makes Test Site Norway unigue?

¢ CVIS

Large number of roadside units Close cooperation between actors
Right size city A Industry
A Approx. 90.000 light vehicles A Public road administration
A Population approx. 167.000 A Unlv_er_sny_
A Easy to equip significant portion A MunlClpallt_y o
of vehicle fleet A Research institutions
Environment Connection to European R&D projects
A Nordic climatical conditions and activities:
Multi-modality gevis  smartireight B &
A Road " sy - LS’/ @ﬂLM
A Short sea @] QIEEE P X - oY
One common network backbone PN Ciytobil ™~ ' E T F
S A Trondheim
http://www.ntnu.no/its-tsn Living Lab European
email: its-tsn@ntnu.no LT G

Living Labs



NetLab (Network Laboratory) in Context

«'CVIS

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).

Stubban



CVIS Hardware Platform

A Axiomtek T eBox 638 FL
A Ubuntu 8.04 LTS

A Vehicle Router

I Communication Cards
I Headless

A Vehicle Host
I Touch screen

A Road Side Unit

¢ CVIS

Trondheim, 2009-10-12 CVIS Platform



Vehicle Antenna (rooftop)

A5 Individual Antennas -

collinear CALM M5
antenna to improve
link budget

A Broadband monopole CALM M5
A 5.9 GHz collinear CALM M5

A Broadband CALM 2G/3G

A CEN-DSRC

A GPS

«'CVIS

CVIS Vehicle antenna

Trondheim CVIS Platform 21
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CVIS Vehicle Platform 1.0

¢ CVIS

CVIS Reference Antenna
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CEN
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modified for:

- Euro 802.11p

|
|
S

- DSRC RT sync

- GPS time sync Realtime GPS & DSRC sync, sensor fusion/timestamp

FPGA: PCI, Serial ports & so'ftcore CPU
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http://lilliput.manufacturer.globalsources.com/si/6008801432124/pdtl/LCD-PC/1003557382/7-Inch-Standalone-Car-PC-Monitor.htm

CVIS Vehicle Platform 2.0

«'CVIS

A Both PCs gone

A Radio functions Smart
Antenna

embedded in antenna

A Applications, LDM
and Facility run in
Touch Computer

Touch
Computer

A Lower cost, simpler
installation

A Still:

I Same interfaces
I Same SW

Trondheim, 2009-10-12 CVIS Platform
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CVIS Facilities

A COMM
I Communications and Networking

A FOAM
I Framework for Open Application Management

A POMA
I Positioning, Maps & Local Referencing

A COMO

I Cooperative Monitoring
I Includes LDM (Local Dynamic Maps).

¢ CVIS

Trondheim, 2009-10-12 CVIS Platform
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CVIS Layers

¢ CVIS
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COMM

A Communications and Networking

A 1Pv6 with mobility extensions
I UMIP implementation of the MIP6 (RFC-3775)

w I NEMO BS (Network Mobility Basic Support) (RFC-3963)
> I MCoA (Multiple Care-of Addresses)

y I Handover

~ | A CALM FAST

A CALM management implementation
A CALM lower layers implementation
A Wireless media: DSRC, IR, M5 and 3G

Trondheim, 2009-10-12 CVIS Platform



Communications Architecture

«'CVIS

CAALM

ommunications for vehicles

Trondheim, 2009-10-12 CVIS Platform
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CALM

A CALM defines multiple communication
scenarios

I V2|1 Non-IPv6

I V2V Non-IPv6
I V21 Local IPv6
I V2V Local IPv6
I V21 MIPv6

I V2l NEMO

¢ CVIS

Trondheim, 2009-10-12 CVIS Platform



M5

A IEEE 802.11p or WAVE
I Similar to WiFi, optimized for vehicles

A Control Channel at 5.9 GHz
I Connection Management
| Service Announcements
I Low latency, fixed rate at 6 Mb/s
i Practical throughput a 3

A Aux Channel at 5.6 GHz (variable)
I Variable bitrate 6 7 54 Mb/s
I 12V only T Due to spectrum restrictions

¢ CVIS

Trondheim, 2009-10-12 CVIS Platform



CALM Communications Kernel

¢ CVIS

A CALM Communications Kernel (CCK)
I In host and router
I CALM Manager (CM)

A Main tasks of CM

| Select a Mobile Router (MR) with a Virtual
Communication Interface (VCI) on that particular MR
for a certain application.

Cl management
Vertical and horizontal handover of sessions
Routing table management

Application programming interface (API) for
applications

Trondheim, 2009-10-12 CVIS Platform



Mobile IPv6

A IPv6 Mobility Extension Headers for Mobile IPv6

signaling messages, such as Binding Updates,
Home Address, Care-of Address, and Binding
Requests

A IPv6 Destination Option to include a Mobile
Nodeodos Home Addr ess

A Type 2 Routing Header for Route Optimization

A ICMPv6 messages for Home Agent Discovery
Requests and Replies, and Prefix Solicitations
and Advertisements

A Router Advertisements containing Mobile IPv6
attributes

¢ CVIS

Trondheim, 2009-10-12 CVIS Platform



MNN T MR - HA

«'CVIS

A Mobile Network Node (MNN)
A Mobile Router (MR)

A Home Agent (HA)

A Correspondent Node (CN)

5 CVIS Mobile Network ¢

Public [Pvé cloud

Trondheim, 2009-10-12 CVIS Platform


https://cvis.be/trac/cvis-comm/attachment/wiki/PolicyRouting/fig2.PNG

MR T HAT Policy Exchange

«'CVIS

A Blocking or Non-blocking

VICI Advertisement Message

|
|
VCI Advertisement Message |
|

Policy Request

Palicy Exchange Reqguest

Trondheim, 2009-10-12

Folicy Answer

CVIS Platform

Policy Exchange Answer

Policy Set


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

CALM Handover

«'CVIS

I Start timer

I Select new
bearer

I Update HA

Trondheim, 2009-10-12

A Select bearer based on reliability & hints
A When current bearer get below threshold
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Service Announcement

¢ CVIS

A CALM layers will periodically broadcast a
short message (< 1400 bytes)
I Service Id (PID)
I URL T http://[2001:34:55::17]/more-info-here.xml|

I Service Data
>4

g http / xml
-4

Service Ctr >
Q,?‘
A Vehicle recv SA /—<
A Vehi
eh!cle ask SC | %
A Vehicle get details g
RSU

Trondheim, 2009-10-12 CVIS Platform



CALM M5 171 Vehicle to vehicle

Vehicle to Vehicle datarate
CCH using 1000 bytes packet siz

Note: Preliminary test results
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CALM M5 1T Roadside to Vehicle

Roadside to Vehicle datarate
AUX ch. using 1000 bytes packet siz

Note: Preliminary test results
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COMM 1 Software distro

A COMM are packed with CVIS core sw
I Linux / Ubuntu
I Network drivers and utilities
I Network configuration tools

A Ramsys makes a special linux distro
I cvis-linux-r8-1386.iso
A https://cvis.beltrac/cvis-comm/

¢ CVIS

Trondheim, 2009-10-12 CVIS Platform



FOAM

A Framework for Open Application
Management

A OSGi R4
A Knopflerfish by Makewave, Sweden

¢ CVIS

Trondheim, 2009-10-12 CVIS Platform
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FOAM In CVIS

2. FOAM Run-time

¢ CVIS
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FOAM Components

¢ CVIS

A FOAM Run-time environment
I OSGI framework + services
I Comes preinstalled with CVIS host
I Used for both vehicle and road-side units

A FOAM HMC i Host Management Center

I Central System for Deployment & Provisioning
I One HMC per test site (logical view)

A FOAM Security

I Central System for Security
I One Security Center per test site (logical view)

Trondheim, 2009-10-12 CVIS Core Technology Interfaces
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FOAM facilities 1 Vehicle/RSU

«'CVIS

A OSGi Framework and Lifecycle Management
A Distributed Discovery Service
A Security and Identity

A CALM Communication
I Connection Manager
I Data Broadcast
I Service Announcement

A Human Machine Interface
A Local Device Tree

Trondheim, 2009-10-12 CVIS Core Technology Interfaces
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FOAM faclilities T Central System

«'CVIS

A Service Deployment

A Service Provisioning

A Security

A Distributed Directory Service (DDS)

Trondheim, 2009-10-12 CVIS Core Technology Interfaces
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FOAM Run-time Components

A CVIS Host Components
I Comes pre-installed with CVIS host

A CVIS Central System Components

I HMC, Host Management Center

A Each test-site have their own HMC

A Can though be shared physically

A HMC can be installed at the test-site

Altos a | inux computer runnin
I Security

A Currently under investigation.

«'CVIS

Trondheim, 2009-10-12 CVIS Core Technology Interfaces 44



FOAM - OSGI

¢ CVIS

A Java-based service platform

A ltis a framework that defines
I application life cycle management model
| service registry
| execution environment
I modules: encapsulation, dependencies

Trondheim, 2009-10-12 CVIS Core Technology Interfaces
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FOAM 1 CALM Connection Service

¢ CVIS

A Services for communication channels between CVIS
hosts, either using WAN (3G), or P2P (CALM)

I Stream or Datagram, IPv6 or Fast

A CALM Data Broadcast Service

I Services for broadcasting data using CALM Fast
I Uses EventAdmin to distribute CALM events locally

A CALM Service Advertisement
I Announcing & establishing P2P connections using broadcast.
I Announcing services

A All communication must use using IPv6 or CALM/FAST
A Seamless over different bearers: 3G, M5, IR

Trondheim, 2009-10-12 CVIS Core Technology Interfaces 46



FOAM - HMI

A CVIS are not developing a reference HMI

A This has been covered in Adaptive Driver-vehicle
iInterfack (AIDE) Project

A A non-normative Application Manager has been build
within the OSGI framework.

I Uses OSGi services
to build touch-screen
HMI in a simple way

I Desktop
I Status Icons
I Skinable

¢ CVIS

T YRR ST D W ST A TR VA L W AT O /0 x

]
-]
|
-]

ki T

Trondheim, 2009-10-12 CVIS Platform 47



FOAM - LDT

A Local Device Tree

A Gives applications secure access to the vehicle and
road-side sensor data (Vehicle Tree / Road Side Tree)
Interface in the Host

A Synchronous Request / Response or asynchronous
Subscribe / Publish interface to access individual
parameters / sensor values

A Read-only in CVIS

A The physical realization of the Gateways will be
performed mainly by the vehicle manufacturers (CAN /
ODB Il) and road side system manufacturers

¢ CVIS

Trondheim, 2009-10-12 CVIS Core Technology Interfaces 48



FOAMT LDT - Vehicle Tree

¢ CVIS

like speed,
brake status,
etc.

Trondheim, 2009-10-12

I Gives access to sensor
related status information

A Vehicle Tree must be integrated by vehicle
manufacturers (CAN / ODB II)

A Framework is ready in FOAM
I Includes a simulator

A Provides a uniform view of any vehicle

Speed

Light

Wiper

IntensityRain

Vehicle

A The vehicle LDT is
organized in a tree structure

Vehicleldentity
Temperatur
VehicleStatus Crash
EBM
VehicleConfig
ACC
FMS Breakdown
Timestamp
Date

CVIS Core Technology Interfaces
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FOAM - DDS

A Distributed Directory Service

| to serve as yellow pages service for CVIS
network wide services.

I allows an application to search for
applications running on other CVIS hosts
based on a set of specific selection criteria.

A Three parts
I DDS API
I DDS client implementation
I DDS server implementation

Trondheim, 2009-10-12 CVIS Platform
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FOAM - Software distro

A Knopflerfish is packaged in two editions
I cvis-sdk-1.8 1 for development
| ubicore-cvis-client-3.3 1T for deployment
AHMC
I cvis-hmc-3.3
A Related tools
I Eclipse plugins for development

A https://cvis.beltrac/cvis-foam/

¢ CVIS

Trondheim, 2009-10-12 CVIS Platform



POMA

A Positioning, Maps & Local Referencing
APositioning modul es (G
A Indicator of overall integrity/robustness

A Map modules

A Map-matching

A Basic technologies
I Location referencing, based on AGORA-C
I Geo-referencing language

¢ CVIS

Trondheim, 2009-10-12 CVIS Platform



POMA - Hardware

¢ CVIS

Trondheim, 2009-10-12

ATwo different hardware packages

| Basic package utilizing GPS receiver, gyro
and accelerometer on the ivscc
communication card inside vehicle router.

I An ultimate or extended package using
external high-end, expensive GPS receiver
and navigation sensors.

CVIS Platform



POMA - Components

ARTMaps from Intempora

A EGNOS enhanced positioning from
Thales Alenia Space

A WLAN based positioning from ISMB

A Hybrid fusion algorithm from
LIVIC/LCPC

A Map-matching from UTC/CNRS with
NAVTEQ and Tele Atlas map engines

¢ CVIS

Trondheim, 2009-10-12 CVIS Platform



What is R"Maps ?

AReal-Time Multisensor Advanced
Prototyping Software

I Modular component-based development

I Asynchronous, multi-threaded execution engine,
data flow oriented

I Graphical applications building

I Powerful C++ SDK for optimized algorithms
Integration as plugins

I Data timestamping from any kind of sensors

I Recording / Replay functionalities

¢ CVIS

Trondheim, 2009-10-12 CVIS Platform
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POMA T Functional Overview

¢ CVIS

Infrastructure
EGNOS
Positioning
Receiver
Module
GNSS - Based Hybrid
Positioning Positioning
GNSS DR
Receiver Sensors

Trondheim, 2009-10-12
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POMA T Implementation

¢ CVIS

Router PC

RTMaps

Sensor Data
Acquisition

\'4

EGNOS
Module

\ 4

Hybrid
Fusion

Socket

Host PC

OSGi

POMA
Positioning

\ 4

Map
Matching

Socket

A

A4

Test
Client

A 4

AGORA-C

A

Map
Cache

Socket

Trondheim, 2009-10-12
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POMA 1T RTMaps diagrams

ARTMaps are configured with diagrams

A Two main diagrams

I GPS + Egnos corrections (egnos model)
AGPS receiver
AEgnos correction via 3G/internet

I Hybrid fusion model

AAccelerometer, Gyro
AVehicle speed (odometer, CAN or OBD II)
AWill not work without these 3 inputs

¢ CVIS

Trondheim, 2009-10-12 CVIS Platform



POMA 1T Software distro

ARTMaps

| cvis-poma-rtmaps-3.4.4-4.deb

I cvis-poma-1.6-2.deb

I sensor data recordings (optional)
A FOAM components

I cvis-poma-bundles.tgz

I Additional for map matching and Agora-C
A https://cvis.beltrac/cvis-poma/wiki/public/*

¢ CVIS

Trondheim, 2009-10-12 CVIS Platform



COMO

ACooperative Monitoring

A Local Dynamic Map

A Imported from Safespot project
A Each entity broadcasts own info
A Each entity creates own overlay

¢ CVIS

Trondheim, 2009-10-12 CVIS Platform



LDM T Local Dynamic Map

«'CVIS

Trondheim, 2009-10-12 CVIS Platform



