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Background 

Copenhagen the   
First CO2 Neutral 
City by 2025



CPH 2025 Climate Plan

The major goals for mobility in 2025 are:

• 75% of all trips in Copenhagen are on foot, by 
bicycle or public transport.
• 50% of all trips to work or education in 
Copenhagen are by bike.
• 20% more passengers use public transport.
• Public transport is carbon neutral.
• 20-30% of all light vehicles run on new fuels.
• 30-40% of all heavy vehicles run on new fuels.

Copenhagen’s population growth versus CO2 emissions reduction



Copenhagen C-ITS Road Map



C-ITS Platforms 
in Copenhagen

• Folehaven

• Compass 4D

• ECO-Driving



Topology 
of C-ITS 
systems

• Cloud-based using cellular 3G/4G

• Regular, using ITS-G5 in addition

C-ITS System components:

• Vehicle ITS station (V-ITS-S) 

• Roadside ITS station (R-ITS-S)

• Local Dynamic Map

• Traffic light controller (TLC) 



Vehicle ITS 
station (V-ITS-S) 

• Smartphone

• HMI

• On-Board Unit

Smart Phone and the On-Board Unit



Roadside ITS 
station(R-ITS-S)

The Roadside ITS station consist of a 
host and router.
The function of the Host is
• to check whether a passing 

vehicle router is allowed to get a 
specific service and then to

• request this service to (in the 
case of ecoDriving) the TLC. In 
addition, specific services and 
protocols can be

• implemented on the host. Its 
responsibilities are:

• • Provide TLC data to the LDM in 
the router;

• • Roadside application 
processing, e.g. search the LDM 
to find vehicles that need 
priority;

• • Storage of log data;
• • Maintaining a management 

connection to the ITS server

Road Site Station and the Host



LDM contains 
three tables 
with geographic 
data: 

• Areas; here 
information about 
an area is stored, 
for example the 
weather 
conditions. 

• Objects; here the 
location of C-ITS 
systems is stored. 

• Roads; here the 
road topology is 
stored;



C-ITS Challenges 

• Political

• Financial

• Technological

• Legal

• Political
• EU, National, Trans-National
• Lack of local political interests
• Lack of concrete experience on cost/benefit 
• Lack of various stakeholders involvement    
• User Privacy

• Financial
• Implementation is costly
• Service and Maintenance (regular updates due to development)

• TLC programming
• Maintenances
• OBU/RSU configurations
• Installation
• Procuring

• Technological
• Lack of standards

• Not backward compatibility between OBU/RSU
• No standards between TLC/RSU 
• No standards between OBU/HMI”

• Vendor locked solutions
• No clear guideline for which communication technology to be used 

for various services and road users
• Lack of business models
• Lack if standards for interoperability, multimodality 
• Security and Privacy issues

• Legal
• Lack of experience with procurement  & contracting



C-ITS 
European 
Standards



CAM Messages

MAP Messages include:
• The main items stored in 

the Objects table are the 
following:

• Geographic point 
location, 

• Speed and heading (for 
vehicles) 

• Various properties 
(vehicle class, size, etc.) 
Each item is identified by 
a URL which contains its 
networking address. 

CAM Cooperative Awareness Messages (CAM) 
have a one-to-one relationship with the 
elements in the Objects table. Incoming CAM 
messages are decoded and the corresponding 
object is updated. If an object is not updated 
for a configurable time it is automatically 
removed from the table. 



DENM Messages

DENM Messages are stored 
in the Areas table.

The main items stored in the 
Areas table are the following: • 
The location as a polyline of 
geographical coordinates.

• The cause codes. 

• The relevance distance.

• Other properties. 

Each Area is identified by its 
action ID, which combines the 
station ID of the originating 
ITSstation with a serial number. 

DENM The Areas table has a direct relation to 
incoming and outgoing Decentralised 
Environmental Notification Messages (DENM). 
New areas can be defined via the API, and 
corresponding DENMs will be transmitted at 
regular intervals. 



MAP Messages

MAP Messages include:

• Topological definitions of 
lanes within intersection

• Topological definition of 
lanes for a road-segment

• Links between the 
segments

• Types of lanes

• Restrictions at lanes

TOPO Topology messages are received and 
sent through MAP messages and stored in the 
Roads table.



SPaT Messages

SPaT Messages include:
• Signal Phase and Timing

• Status of traffic controller,

• Prediction of duration and 
phases

• Data elements for 
prioritisation response

• Abstract permissions 
instead of ambiguos
colours

• Permissions linked to 
manouvers instead to 
lanes

SPaT The state of traffic lights is transmitted 
via Signal Phase and Timing.



Traffic light 
controller (TLC) 

• A key component in 
ecoDriving is the traffic light 
controller (TLC). The TLC is 
responsible for the control of 
the traffic lights and the 
handling of detector 
equipment. 

• It is also the location were the 
R-ITS-S's host is installed. 
Although the focus is on 
traffic control, the TLC acts as 
the power and connectivity 
unit for the RITS-S. 



5 Interfaces 
that need 
to be open

• OBU-RSU
• CTMS - smartphone 

or OBU
• R-ITS - TLC 
• TLC- CTMS
• RSU-CTMS



C-ITS Security

• PKI and Privacy

• PKI and 
interoperability

SECURITY

COMPLEXITY

S0: no ITS security

S1: PKI

S2: PKI + pseudo

S3: PKI + pseudo + 
renewal / revoke

PKI is a process-intensive feature. Several processes (managing 
keys and credentials) need to be put in place and maintained with 
serious caution in order to guarantee the level of security 
envisaged.
PKI is actually based on entity authentication and therefore 
clearly affects privacy matters.
ITS security implementation increases the level of confidence 
about the integrity of ITS stations (OBUs and RSUs) participating 
in the communication. It however means that stations that are 
not supporting the relevant PKI are per design excluded from the 
ITS communication theater. This obviously has impact on 
interoperability when this characteristic is also relevant to the ITS 
project (more on this in section ‘PKI and interoperability’).



Thank you for your attention!
Thank You!




