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Executive Summary 

Automated driving functions are a necessity for efficient electric driving. Missing and non-
transparent communication structures and inconsistent information quality exacerbate a 
vehicle-manufacturer independent integration of automated driving. The integrated 
communication platform for automated electric vehicles (iKoPA) combines technologies 
in an innovative way. This includes the integration of multiple communication 
technologies (e.g. V2X, cellular, DAB, RFID) and of driver-assistant system architectures 
for high and full-automated driving functions. The electronic systems of the electric 
vehicles, traffic lights, charging stations and many other traffic related systems can 
communicate via the extended Car2X Systems Network. This connection is the foundation 
for new and optimized (fully) automated driving, parking and charging services. 

iKoPA develops the basic design for a system, which serves as an open integrated platform 
for future intelligent transportation services. These services for automated driving will be 
connected in an innovative, future-proof and comprehensive way. The introduction of 
electric mobility services will be accelerated through this additional benefits. The system 
is basis for the vision of automated and electric powered future mobility concepts. 

The deliverable D1 presents the architecture for that system and the way in which this 
architecture was derived from the visionary scenario, requirements and external factors 
that enframe the system.
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The iKoPA project aims at designing and verifying a system architecture for flexible 
interaction between different Service Providers and communications network operators 
and remote nodes in a decentralized, scalable structure.  

The network will extend the exiting architecture developed in the research project 
CONVERGE. It includes an open architecture for communication-, services-, and 
organization. Through services access points, Service Providers like electric mobility 
providers or vehicle manufacturers can be integrated into the open and secure network. 
The goal is a decentralized and dynamic coupling of all systems and stakeholders in a 
secure, distributed, privacy-friendly, scalable, flexible, and hybrid-communicating 
network.  

The architecture of iKoPA will be specified in two steps. Each of which is resulting in an 
own deliverable referred to as D1v1 and D1v2. This document is the second and final one 
of this series. In the second version, the results and experiences form the demonstration 
implementation and real world verification are also included. 

In a first step, an overall architecture is drafted and documented. The specification level 
is divided in two layers a high-level and a low-level architecture. The high-level 
architecture describes the overall architecture and the connection between the different 
planes and components. The low-level architecture focuses on the details. It describes 
components and interfaces more precise, and presents important communication 
concepts. 

These major functional components are on one side take from the CONVERGE 
architecture and on the other side derived from an analysis of all functions necessary to 
support the use cases and requirements defined. Implementation details like hardware 
separation, interface bit level specifications and internal interfaces will not be specified. 

The reason and motivation for this deliverable D1 are to achieve the following:  

Á To take the architecture proposal of [1] and generate a more detailed and 
elaborated view on the overall architecture  

Á To split the overall architecture in reasonable structural blocks  
Á To identify interfaces which are necessary between the different components and 

to specify those interfaces 
Á To further detail and elaborate the major architectural challenges 

The document is structured as follows: 

Á Chapter 2 describes the methodology and way how the architecture was created 
and which factors were considered. 

Á Chapter 3 provides an overview about the goals that iKoPA tries to archive, the 
visionary scenario of iKoPA and the use cases derived from the goals and 
scenarios. 

Á Chapter 4 gives an overview about state-of-the-art technologies important for the 
architecture and describes other technological determining factors. 
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Á Chapter 5 summarizes the requirements that were derived from the work in the 
chapters 2, 3 and 4. 

Á Chapter 6 specified the architecture itself. A high-level architecture, a description 
of the functional blocks and interfaces, and a low-level description of important 
blocks and concepts are given. 

Á Chapter 7 concludes the document. A short description about the legal aspects of 
data protection deliberations are presented and a résumé about the process and 
the architecture is drawn.  

 

  



DESCRIPTION OF THE ARCHITECTURE PROCESS  

 

Deliverable D1v2  |  Version 2.0  |  2018-12-15 3 

2 59{/wLt¢Lhb hC ¢I9 !w/IL¢9/¢¦w9 twh/9{{ 

How did the architecture develop? What steps were taken? In addition, which were the 
goals to be fulfilled? These are the questions chapter two answers. First, the process goals 
are described and in the second step, the process itself is explained. 

 

2.1 Goals of the process 

The Deliverable D1 is the result of the work package 1 (WP1) in iKoPA. It presents the 
requirements, the technical environment and the system architecture. Whereby, the 
work package 1 channels the requirements on the system and the technical status quo in 
a formal process and describes the use cases. Together with work package 5, WP1 defines 
means of verification for those requirements. With the requirements, the technical 
system is specified and described formally.  

 

2.2 Description 

In WP1, a formal way for the development of the architecture was specified. This way is 
described in Figure 1.  

 

 

Figure 1: Architecture design process 

 

During the application phase of the project a scenario about the usage of the technologies 
and the proposed innovations was developed. As one of the first tasks in the project, 
based on this initial description a visionary scenario was created. It describes the day of a 
young woman in Berlin and her interaction with automated vehicles, traffic infrastructure 
and traffic related communication technologies ς with all communication secured and 
privacy friendly solutions. 
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The visionary scenario was then divided into segments. Those segments again were 
formally described as uses cases. At the same time, an overview about state of the art 
technologies was created. The studies comprised communication technologies, security 
technologies and the status of electric mobility. The last one especially regarding the 
interconnection of electric vehicles and the charging infrastructure. In addition, the 
baseline architecture planned to be used in iKoPA from the CONVERGE project was 
analyzed and the relevant parts described.  

From the studies and use cases, the requirements were derived. The requirements are 
divided in different categories. The categories are privacy, security and system. 
Requirements were also classified as technical or organizational and as relevant for the 
architecture or the implementation. 

In the final step, based on the requirements and the CONVERGE architecture, the iKoPA 
architecture was specified. The specification was divided into two layers. The high-level 
architecture presents an overview about the architecture the components and the 
interfaces. In the low-level architecture a more depth description of important 
components and overall concepts are described.  
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Following the architectural process, first the project goals and the visionary scenario are 
described. The scenario is then divided into individual use cases. The uses cases are the 
foundation for the following steps. 
 
 

3.1 iKoPA Goals 

To specify the project outcomes, iKoPA defines five project goals. They represent the 
technical and organizational guidelines during the project. 

Linkage of automated driving functions with infrastructure-based data to improve 
electric mobility 

Until now, up to a few exceptions, automated navigation functions have been self-
sufficient. The vehicles use only integrated data sources, in particular sensors and 
map data, for the driving function. The integration of external information into the 
sequence of an automated function, especially in the context of electric mobility, 
represents a significant research task since the possible increased driving efficiency 
has a direct effect on achievable rang of the car. By integrating the data received 
via communication into the timetable, a more efficient "intelligent" approach can 
be achieved in all automation stages. In particular, the external data must be linked 
to vehicle-driven perception by means of an intelligent fusion. This fusion differs 
from existing approaches to sensor fusion due to the unique properties of 
communication as a sensor. 

Secure communication on a hardware basis, considering data protection aspects  

A hardware-based, uniform, scalable IT security platform is developed, which can 
be integrated into all relevant iKoPA components and offers both measures to 
ensure system integrity (i.e. protection against tampering of the systems 
themselves) as well as to secure communication. On this platform, all 
communication paths, e.g. cellular radio, DAB+ (Digital Audio Broadcast) and V2X 
(Vehicle-2-X communication). An integral part of all paths is hardware-based 
encryption, authentication and pseudonymization to ensure security and privacy. 
The project aims to provide a data protection-enhancing solution that not only 
complies with the legal requirements of the German Federal Data Protection Act 
(Bundesdatenschutzgesetz, BDSG)1  and the European General data protection 
Regulation (GDPR)2, but also maintains the privacy interests of the vehicle drivers 
well beyond the minimum requirements. Data-minimization procedures and 
techniques will be implemented. It is to be determined which data is necessary in 

                                                           

 

 
1German version https://www.gesetze-im-internet.de/bdsg_1990/ and English translation 

https://www.gesetze-im-internet.de/englisch_bdsg/index.html 

2http://ec.europa.eu/justice/data-protection/reform/files/regulation_oj_en.pdf 

https://www.gesetze-im-internet.de/bdsg_1990/
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order to operate the developed technology, so that only the latter have to be 
collected in compliance with the principle of necessity. 

Converged unified communication across multiple communication systems 

Uniform communication on very divergent communication technologies, a uniform 
architecture and data management will allow to decouple applications from the 
transmission path and to combine the individual advantages of the divergent 
technologies of cellular radio, DAB and V2X Until now, applications have to be 
adapted to the communication system. Therefore, in the future, developers of 
applications can concentrate on their actual task and only have to stipulate the 
requirements regarding communication. The communication system takes care of 
the transfer. This allows the specific advantages of the different systems to be 
combined and the correspondingly scarce resource radio bandwidth to be used 
more efficiently. 

Multimodal interaction of the mobile nodes cellphone and vehicle 

Both, equipped vehicles and commercial smartphones are supported as end nodes. 
This makes access to traffic-relevant information available to a large amount of 
user. Previous solutions that connect vehicles to back-end services in the cloud or 
offer local access to smartphones are generally based on proprietary interfaces 
with limited functionality. The main objectives is the linking of the vehicles with 
remote back-end systems via standardized interfaces and protocols, taking into 
account established (cellular radio, Wi-Fi) and novel (DAB TPEG (Transport Protocol 
Experts Group), ETSI ITS-G5) wireless communication technologies.  

Integration of traffic and charging infrastructure 

The aim of the integration is to provide a network of charging infrastructure, 
electric vehicles and infrastructure for traffic control in a manner appropriate to the 
needs of the market, in order to achieve appropriate support for automatic driving 
functions for electric driving. The integration provides the basis for applications 
such as optimized range planning, optimization of energy consumption, timely and 
locally precise automatic reservation of charging stations and charging 
management. The identification of gaps in the area of the communication protocols 
of the charging infrastructure and the chip-based V2X communication is to be 
achieved from the comparison of the demand with the current state of the art. The 
necessary interlocking of the communication techniques for the implementation of 
the application cases is developed both in general and defined specifically on the 
basis of the state of the art as well as a realistic economic implementation. 

 

3.2 Visionary Scenario 

The visionary scenario describes the ideas and possibilities that can be achieved with the 
architecture and technologies developed in iKoPA. 

Berlin, the communicative city 

In the beautiful city of Berlin, young Helena H. is working and living. She is a 
technical enthusiast and just bought her first semi-automated electric Vehicle. This 
vehicle is also equipped with state-of-the-art communication technologies.  
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On a sunny Tuesday morning during her holiday, Helena H. drives from her home 
in Grunewald to the nearby nursery of her confidence in Grunewald. Unfortunately, 
not all plants are available. Due to a recommendation, she wants to try a new 
nursery in Berlin Mitte. To find a parking lot where she also will be able to charge 
ƘŜǊ ǾŜƘƛŎƭŜ IŜƭŜƴŀ IΦ ǳǎŜǎ ǘƘŜ ŀǇǇ ά.ŜǊƭƛƴ ǎƳŀǊǘ ǇŀǊƪƛƴƎ ς ¸ƻǳǊ ǇƭŀŎŜ ǘƻ ǇŀǊƪέΦ !ǎ 
a new feature, the app now allows the search for an automated parking lot. She 
wants to try this service today. As a benefit, the usage of the service is free of charge 
for people living in Berlin and the app can be used pseudonymously. The 
information about the car park is transmitted via DAB/TPEG to her vehicle. Now 
she books a suitable parking lot ƛƴ ǘƘŜ ŎŀǊ ǇŀǊƪ άŜtŀǊƪέ ƴŜȄǘ ǘƻ ǘƘŜ ƴǳǊǎŜǊȅ Ǿƛŀ ƘŜǊ 
mobile phones cellular connection. Following the booking the destination 
information will be automatically transferred (BYOD - Bring your own device) to the 
navigation system in her vehicle and used by the BerlinEnergyWay app. She uses 
ǘƘŜ ŜƴŜǊƎȅ ƻǇǘƛƳƛȊŜŘ ǊƻǳǘƛƴƎ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜ ŀǇǇ ά.ŜǊƭƛƴ 9ƴŜǊƎȅ ²ŀȅ ς Good roads, 
ƎƻƻŘ Ŧƭƻǿέ ƻƴ ƘŜǊ ǿŀȅ ǘƻ .ŜǊƭƛƴ aƛǘǘŜΦ ¢Ƙƛǎ ŀǇǇ ŀƭǎƻ ǳǘƛƭƛȊes the speed advisories 
transmitted via V2X for an energy and emission optimized trip. The local traffic 
lights also consider this information. This leads to smooth traffic flow and Helena 
H. arriving relaxed at the destination. 

 

Figure 2: iKoPA scenario (part) 

At the automated car park, Helena H. can lean back. After the gateway, the vehicle 
takes control. At first, it gets the necessary information via V2X communication 
about the location of the parking lot. With that information, the vehicle safely 
drives to the booked parking lot with charging capacity. During the drive, the 
vehicle is tracked through latest in camera technology. This position information is 
transmitted back to the vehicle for the automated drive. Arriving at the parking lot, 
the vehicle is authorized through its pseudonymous RFID tag and the parking lot 
barrier is lifted, so that the vehicle can drive on the spot. Helena H. can leave the 
car and go to the nursery. During her stay, the vehicle is charged at the charging 
station.  
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Figure 3: iKoPA communication technologies 

With the help of modern communication technology (±н·Σ wCL5Σ 5!.ҌΣ Χ) the 
charging station can optimize the charging and additionally provide further 
information (e.g. updates) to the vehicle. When the vehicle is fully charged, it drives 
autonomously to an empty parking lot clearing the charging spot for other 
customers. After Helena H. has finished her shopping trip, she orders the vehicle 
via a smartphone app to come and pick her up in front of the car park. She puts her 
purchases into the vehicle and drives home. 

 

Figure 4: Helena H. Driving 

On the next day, Helena H. wants to go a hiking trip in the near Brandenburg. The 
first stage of the Oderlandweg from Wriezen to Falkenberg/Mark is her goal today. 
The way starts in one of the beautiful rural areas of Brandenburg. Because of the 
landscape and the low population density of the area the connection to information 
and warning services is limited, but Helena H. booked the full communication 
service and so her system always utilizes the communication system available 
(cellular or DAB). In this way, Helena has a high likelihood to stay informed and safe 
with up-to-date information and does not need to worry about unpleasant 
ǎǳǊǇǊƛǎŜǎ ƻƴ ǘƘŜ ǊƻŀŘΦ ¢ƘŜ ƘƛƪƛƴƎ ǇŀǘƘ ƛǎ ŀƴƻǘƘŜǊ ǎǘƻǊȅ Χ 
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3.3 Use Cases 
The visionary scenario was the starting point for the development of the iKoPA use cases. 
First, it was split in individual technical parts. Afterwards, these parts were then 
formalized into use cases. Each use case has a description, the necessary steps and the 
related actors for the use case. In this chapter, first the identified actors are described 
followed by the use cases themselves.  
 
 

3.3.1 The primary actors 

In iKoPA, human and technical actors were identified in the visionary scenario and in the 
use cases. The following figure shows those identified actors. Thereby a stick man 
represents human actors and a rectangular represents a technical actors. 

 

Figure 5: Actors overview 

Driver

ζŀŎǘƻǊη

App_TrafficLightAssistant

User

ζŀŎǘƻǊη

Service Provider

ζŀŎǘƻǊη

SP_CarRequestService

ζŀŎǘƻǊη

App_CarRequestService

ζŀŎǘƻǊη

Vehicle

ζŀŎǘƻǊη

SP_RoutingServer

ζŀŎǘƻǊη

App_CarStateOfChargeService

ζŀŎǘƻǊη

EV-Charging Station

ζŀŎǘƻǊη

Car Park

ζŀŎǘƻǊη

SP_BillingService

ζŀŎǘƻǊη

Identity Provider

ζŀŎǘƻǊη

Charge Point Management 

System

Car-Park Service Staff

ζŀŎǘƻǊη

App_ParkingLotReservation

ζŀŎǘƻǊη

Car Park Barrier

ζŀŎǘƻǊη

Forecast Service (TLF)

ζŀŎǘƻǊη

SP_CarStateOfChargeService

ζŀŎǘƻǊη

Traffic Light Controller 

(TLC)
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For every actor the associated use cases and, if applicable, the inheritance structure are 
listed. ¢ƘŜ άŀǎǎƻŎƛŀǘƛƻƴǎέ ǘŀōƭŜǎ ƭƛǎǘ ƻƴ ǘƘŜ ƭŜŦǘ ǎƛŘŜ ǘƘŜ ǳǎŜ ŎŀǎŜǎ όǎƻǳǊŎŜύΣ ǿƘƛŎƘ ǳǎŜ ǘƘŜ 
ŀŎǘƻǊ όǘŀǊƎŜǘύΦ ¢ƘŜ άƻǳǘƎƻƛƴƎ ǎǘǊǳŎǘǳǊŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇέ ǘŀōƭŜǎ ŘŜǎŎǊƛōŜ inheritance 
relationship of the actor. Meaning that this actor is a specialization of on more abstract 
ŀŎǘƻǊΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ ά5ǊƛǾŜǊέ ƛǎ ŀ ǎǇŜŎƛŀƭ ŎŀǎŜ ƻŦ ǘƘŜ ƳƻǊŜ ƎŜƴŜǊŀƭ ά¦ǎŜǊέΦ ¢ƘŜ άƛƴƎƻƛƴƎ 
ǎǘǊǳŎǘǳǊŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇέ ǘŀōƭŜǎ ŘŜǎŎǊƛōŜ ǘƘŜ ƻǇǇƻǎƛǘŜ ŘƛǊŜŎǘƛƻƴΦ !ŎǘƻǊǎ ǿƛǘƘ ǘƘƛǎ ǘŀōƭŜ ŀǊŜ 
a generalization of the actors mentioned in the table. 

 

3.3.1.1 App_CarRequestService 
This is a smartphone app to request a vehicle. The Vehicle should drive automatically to 
the position specified by the Driver. 
 

ASSOCIATIONS 

Source: UC-11.3: Drive automated to the requested position  

 

Target: App_CarRequestService  

 

Source: UC-11.1: Register for Car Reqest Service  

 

Target: App_CarRequestService  

 

Source: UC-11.2: Request Vehicle  

 

Target: App_CarRequestService  

 

 
 

3.3.1.2 App_CarStateOfChargeService 
This is a smartphone app to remotely request the charging status of the own Vehicle and 
to inform the User, when the Vehicle is fully charged.  
 

ASSOCIATIONS 

Source: UC-10: Receive state of charge of Vehicle  

 

Target: 
App_CarStateOfChargeService  

 

Source: UC-10.1: Receive state of charge of Vehicle to 
registered App  

 

Target: 
App_CarStateOfChargeService  

 

Source: UC-10.0: Registration for state of charge of Vehicle via 
App  

 

Target: 
App_CarStateOfChargeService  

 

Source: UC-10.2: Send state of charge of Vehicle to registered 
App  

 

Target: 
App_CarStateOfChargeService  

 

 
 

3.3.1.3 App_ParkingLotReservation 
This is a smartphone app, which allows lookup and reservation of a parking lot. 
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ASSOCIATIONS 

Source: UC-01.4: Designate destination location  

 

Target: 
App_ParkingLotReservation  

 

Source: UC-01.1: Seek and select charging park  

 

Target: 
App_ParkingLotReservation  

 

Source: UC-01.2: Reserve charging point  

 

Target: 
App_ParkingLotReservation  

 

Source: UC-02.0: Follow navigation guides  

 

Target: 
App_ParkingLotReservation  

 

 
 

3.3.1.4 App_TrafficLightAssistant 
This is an app that could either exist/run on a smartphone or on an on-board vehicle 
multimedia platform. The app uses Traffic Light Forecast (TLF) data to produce useful 
information to the driver like Green Light Optimal Speed Advisory (GLOSA) or Time to 
Green (TTG). 

 

ASSOCIATIONS 

Source: UC-03.0: Use speed advisory on traffic lights 

 

Target: App_TrafficLightAssistant 

 

Source: UC-03.2: Provide forecast centrally 

 

Target: App_TrafficLightAssistant 

 

Source: UC-03.1: Provide forecast locally Target: App_TrafficLightAssistant 

 
 

3.3.1.5 Car Park 
This is an actor, which represents the IT-Systems of the car park. 
 

ASSOCIATIONS 

Source: UC-07.1: Initial assignment of Vehicle to the 
infrastructure of the Car Park 

Target: Car Park  

Source: UC-07.2: Track Vehicles using cameras 

 

Target: Car Park  

 

Source: UC-09: Communicate with charger & charge 

 

Target: Car Park  

 

Source: UC-04.1: Authenticates at the Car Park via V2X  

 

Target: Car Park  

 

Source: UC-06.2: Register arrival and departure from Car Park  

 

Target: Car Park  

 

Source: UC-06.1: Report reservation to SP_BillingService  

 

Target: Car Park  

 

Source: UC-06.3: Register arrival and departure from charging 
space  

 

Target: Car Park  
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ASSOCIATIONS 

Source: UC-07.0: Camera-based in-Car Park positioning  

 

Target: Car Park  

 

Source: UC-04.2: Get entrance permission  

 

Target: Car Park  

 

Source: UC-08.1: Makes use of a charging / parking service  

 

Target: Car Park  

 

Source: UC-05.0: Park (partly)automated at charger  

 

Target: Car Park  

 

 
 

3.3.1.6 Car Park Barrier  
The barrier is the access control of the Car Park. Only Vehicles with a valid reservation or 
if parking space is available are allowed to enter the Car Park.  
 

ASSOCIATIONS 

Source: UC-08.0: Get access to Car Park  

 

Target: Car Park barrier   

 

Source: UC-04.2: Get entrance permission  

 

Target: Car Park barrier   

 

 
 

3.3.1.7 Car-Park Service Staff 
Persons within a Car Park who can take care of premium car services such as cleaning, 
inspection, 'manual' valet parking, etc. In our scenario, this actor plugs in electric Vehicles 
to the EV-Charging Station after they arrive autonomously at the charging space, if they 
cannot charge inductively. 
 

ASSOCIATIONS 

Source: UC-09: Communicate with charger & charge  

 

Target: Car-Park Service Staff 

 

 
 

3.3.1.8 Charge Point Management System 
An EV-Charging Station operator runs such a technical system to 'manage' his EV-Charging 
Station. This can be a system in the cloud or a part of a Car Park management system. 
 

OUTGOING STRUCTURAL RELATIONSHIPS 

 

  Generalization from Charge Point Management System to Service Provider 

 

 

ASSOCIATIONS 

Source: UC-09: Communicate with charger & charge  

 

Target: Charge Point Management 
System  
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3.3.1.9 Driver 
The Driver is a human person, which operates a Vehicle or is going to operate a Vehicle in 
the near future, e.g. because he is entering the vehicle. 
 

OUTGOING STRUCTURAL RELATIONSHIPS 

 

  Generalization from Driver to User 

 

 

ASSOCIATIONS 

Source: UC-02.0: Follow navigation guides  

 

Target: Driver  

 

Source: UC-12.1.0: Drive safe  

 

Target: Driver  

 

Source: UC-10.1: Receive state of charge of Vehicle to 
registered app  

 

Target: Driver  

Source: UC-12.3.0: Acquire information supply  

 

Target: Driver  

 

Source: UC-10.0: Registration for state of charge of Vehicle via 
app  

 

Target: Driver  

Source: UC-12.2.0: Drive informed  

 

Target: Driver  

Source: UC-06: Pay parking and charging  

 

Target: Driver  

Source: UC-11.1: Register for SP_CarRequestService  

 

Target: Driver  

Source: UC-11.2: Request Vehicle  

 

Target: Driver  

Source: UC-02: Follow navigation guides  

 

Target: Driver  

Target: UC-11: Request Vehicle  

 

Target: Driver  

Target: UC-11.0: Request Vehicle  

 

Target: Driver  

Target: UC-01.0: Ensure parking and charging facility  

 

Target: Driver  

Target: UC-03: Use Traffic Light Forecast for energy efficient 
behavior  

 

Target: Driver  

Target: UC-12.1.1: Get TPEG hazard warning  

 

Target: Driver  

Target: UC-10: Receive state of charge of Vehicle  

 

Target: Driver  

Target: UC-01: Ensure parking and charging facility  

 

Target: Driver  



RESULTS OF THE ARCHITECTURE PROCESS  

 

Deliverable D1v2  |  Version 2.0  |  2018-12-15 14 

ASSOCIATIONS 

Target: UC-12.0: Drive informed and safe  

 

Target: Driver  

Source: UC-12.2.2: Initiate a rerouting task  

 

Target: Driver  

Source: UC-12.2.5: Alert about significant ETA change  

 

Target: Driver  

Source: UC-02.4: Update routing information  

 

Target: Driver  

Source: UC-12.2.3: Alert Driver about a range problem  

 

Target: Driver  

Source: UC-03.2: Provide forecast centrally  

 

Target: Driver  

Source: UC-03.0: Use speed advisory on traffic lights  

 

Target: Driver  

Source: UC-06.0: Pay parking and charging  

 

Target: Driver  

Source: UC-12.2.1: Show information status quality  

 

Target: Driver  

Source: UC-03.1: Provide forecast locally  

 

Target: Driver  

Source: UC-12.0: Drive informed and safe  

 

Target: Driver  

Source: UC-01.2: Reserve charging point  

 

Target: Driver  

Source: UC-12.1.4: Driver is sure to be informed  

 

Target: Driver  

Source: UC-11.3: Drive automated to the requested position  

 

Target: Driver  

Source: UC-12.1.3: Warning about information supply stall  

 

Target: Driver  

 
 

3.3.1.10 EV-Charging Station 
An EV-Charging Station is a device that is used for external charging of an electric Vehicle's 
battery. The electrical current is delivered to the Vehicle's onboard battery system 
through standard cable connector (plug). The EV-Charging Station can be connected to 
and managed by a remote system. The interface to the remote system is implemented by 
standard communication protocols (like OCPP or something similar).  
 

ASSOCIATIONS 

Source: UC-06.3: Register arrival and departure from charging 
spot  

 

Target: EV-Charging Station  

 

Source: UC-09: Communicate with charger & charge  

 

Target: EV-Charging Station  
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3.3.1.11 Forecast Service (TLF) 
The traffic light Forecast Service creates a forecast for each intersection. An intersection 
is represented by its Traffic Light Controller. 
 

OUTGOING STRUCTURAL RELATIONSHIPS 

 

  Generalization from Forecast Service (TLF) to  Service Provider 

 

 

ASSOCIATIONS 

Target: UC-03: Use Traffic Light Forecast for energy efficient 
behavior  

 

Target: Forecast Service (TLF)  

 

Target: UC-03.1: Provide forecast locally  

 

Target: Forecast Service (TLF)  

 

Source: UC-03.2: Provide forecast centrally  

 

Target: Forecast Service (TLF)  

 

Source: UC-03.0: Use speed advisory on traffic lights  

 

Target: Forecast Service (TLF)  

 

 
 

3.3.1.12 Identity Provider 
The Identity Provider manages the active Users of the iKoPA System and serves as a 
trusted third party to authenticate Users. 

 

ASSOCIATIONS 

Source: UC-08.2: Register initially as potential customer and 
User  

 

Target: Identity Provider  

 

 
 

3.3.1.13 SP_BillingService 
A service, which handles the billing processes e.g. for a Driver/Vehicle reserving an EV-
Charging Station. 
 

OUTGOING STRUCTURAL RELATIONSHIPS 

 

  Generalization from SP_BillingService to Service Provider 

 

 

ASSOCIATIONS 

Source: UC-06.2: Register arrival and departure from Car Park  

 

Target: SP_BillingService  

 

Source: UC-06.3: Register arrival and departure from charging 
spot  

 

Target: SP_BillingService  
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ASSOCIATIONS 

Source: UC-06.1 Report reservation to SP_BillingService  

 

Target: SP_BillingService  

 

 
 

3.3.1.14 SP_CarRequestService 
This is a Service Provider for the Car Request Service. The SP_CarRequestService allows 
Users to request a connected Vehicle. The Vehicle will drive autonomously to the User. 
 

OUTGOING STRUCTURAL RELATIONSHIPS 

 

  Generalization from SP_CarRequestService to Service Provider 

 

 

ASSOCIATIONS 

Source: UC-11.1: Register for SP_CarReqestService  

 

Target: SP_CarRequestService  

 

Source: UC-11.3: Drive automated to the requested position  

 

Target: SP_CarRequestService  

 

Source: UC-11.2: Request Vehicle  

 

Target: SP_CarRequestService  

 

 
 

3.3.1.15 SP_CarStateOfChargeService 
The Service Provider SP_CarStateOfChargeServiceis the broker between the Vehicle and 
the User to provide the User with the information about the charging status of the Vehicle.  
 

OUTGOING STRUCTURAL RELATIONSHIPS 

 

  Generalization from SP_CarStateOfChargeService to Service Provider 

 

 

ASSOCIATIONS 

Source: UC-10.0: Registration for state of charge of Vehicle via 
app  

 

Target: 
SP_CarStateOfChargeService  

 

 
 

3.3.1.16 SP_RoutingServer 
The SP_RoutingServer is a server, which provides routing advice to clients by performing 
a strategic routing for the whole traffic network of its region. (e.g., a city) 
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OUTGOING STRUCTURAL RELATIONSHIPS 

 

  Generalization from SP_RoutingServer to Service Provider 

 

 

ASSOCIATIONS 

Source: UC-02.2: Calculate routes on central server  

 

Target: SP_RoutingServer  

 

 
 

3.3.1.17 Service Provider 
The Service Provider is an instance managing the availability of information to consumers. 
 

INCOMING STRUCTURAL RELATIONSHIPS 

 

  Generalization from Forecast Service (TLF) to Service Provider 

 

 

  Generalization from SP_CarRequestService to Service Provider 

 

 

  Generalization from SP_CarStateOfChargeService to Service Provider 

 

 

  Generalization from SP_BillingService to Service Provider 

 

 

  Generalization from SP_RoutingServer to Service Provider 

 

 

  Generalization from Charge Point Management System to Service Provider 

 

 

ASSOCIATIONS 

Source: UC-03.2: Provide forecast centrally  

 

Target: Service Provider  

 

 
 

3.3.1.18 Traffic Light Controller  
The Traffic Light Controller can be described as the "computer in the grey cabinet" 
somewhere at an intersection, which executes all traffic light programs. It can also 
communicate with the Traffic Management Centre (TMC) - if there is one. 
 

ASSOCIATIONS 

Target: UC-03: Use Traffic Light Forecast for energy efficient 
behavior  

 

Target: Traffic Light Controller 
(TLC)  
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ASSOCIATIONS 

Target: UC-03.1: Provide forecast locally  

 

Target: Traffic Light Controller 
(TLC)  

 

Source: UC-03.0: Use speed advisory on traffic lights  

 

Target: Traffic Light Controller 
(TLC)  

 

Source: UC-03.2 Provide forecast centrally  

 

Target: Traffic Light Controller 
(TLC)  

 

 
 

3.3.1.19 User 
The User is a person that interacts with the system. The User is a generalization of the 
Driver.  

 

INCOMING STRUCTURAL RELATIONSHIPS 

 

  Generalization from Driver to User 

 

 

ASSOCIATIONS 

Source: UC-09: Communicate with charger & charge  

 

Target: User  

 

 
 

3.3.1.20 Vehicle 
The actor Vehicle represents all mechanical and IT parts of the Vehicle including (partly-) 
automated driving facilities. 
 

ASSOCIATIONS 

Target: UC-09: Communicate with charger & charge  

 

Target: Vehicle  

 

Target: UC-03: Use Traffic Light Forecast for energy efficient 
behavior  

 

Target: Vehicle  

 

Target: UC-08: Get access to Car Park  

 

Target: Vehicle  

 

Target: UC-03.0: Use speed advisory on traffic lights  

 

Target: Vehicle  

 

Target: UC-08.0: Get access to Car Park  

 

Target: Vehicle  

 

Target: UC-05.0: Park (partly)automated at charger  

 

Target: Vehicle  

 

Target: UC-04.0: Receive entrance clearance for Car Park  

 

Target: Vehicle  
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ASSOCIATIONS 

Source: UC-06.3 Register arrival and departure from charging 
spot  

 

Target: Vehicle  

 

Source: UC-07.2: Track Vehicles using cameras  

 

Target: Vehicle  

 

Source: UC-03.1: Provide forecast locally  

 

Target: Vehicle  

 

Source: UC-04: Receive entrance clearance for Car Park  

 

Target: Vehicle  

 

Source: UC-08.1: makes use of a charging / parking service  

 

Target: Vehicle  

 

Source: UC-12.1.2: Vehicle takes preventive safety 
measurements  

 

Target: Vehicle  

 

Source: UC-03.2: Provide forecast centrally  

 

Target: Vehicle  

 

Source: UC-10.2: Send state of charge of Vehicle to registered 
app  

 

Target: Vehicle  

 

Source: UC-10.0: Registration for state of charge of Vehicle via 
app  

 

Target: Vehicle  

 

Source: UC-07.0: Camera-based in-Car Park positioning  

 

Target: Vehicle  

 

Source: UC-12.1.2: Vehicle takes preventive safety 
measurements  

 

Target: Vehicle  

 

Source: UC-11.1: Register for SP_CarRequestService  

 

Target: Vehicle  

 

Source: UC-04.2: Get entrance permission  

 

Target: Vehicle  

 

Source: UC-08.2: Register initially as potential customer and 
User  

 

Target: Vehicle  

 

Source: UC-06.2: Register arrival and departure from Car Park  

 

Target: Vehicle  

 

Source: UC-11.2: Request Vehicle  

 

Target: Vehicle  

 

Source: UC-11.3: Drive automated to the requested position  

 

Target: Vehicle  

 

Source: UC-07.1: Initial assignment of Vehicle to the 
infrastructure of the Car Park  

 

Target: Vehicle  

 

Source: UC-04.1: Authenticates at the Car Park via V2X  

 

Target: Vehicle  

 

 
 

3.3.2 Overview of primary system use cases 

In iKoPA 12 main use cases were derived from the visionary scenario. These are: 
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Á UC-01: Ensure parking and charging facility  
Á UC-02: Follow navigation guides  
Á UC-03: Use Traffic Light Forecast for energy efficient behavior 
Á UC-04: Receive entrance clearance for Car Park 
Á UC-05: Park (partly)automated at charger 
Á UC-06: Pay parking and charging  
Á UC-07: Camera-based in-Car Park positioning 
Á UC-08: Get access to Car Park 
Á UC-09: Communicate with charger & charge 
Á UC-10: Receive state of charge of Vehicle  
Á UC-11: Request Vehicle  
Á UC-12: Drive informed and safe  

 
The relation between the use cases and the most important actors are described in Figure 
6. All use cases and sub use cases are described in the following sections. 
 

 

Figure 6: Use case overview 
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3.3.3 Detailed view of primary & secondary system use cases 
Every use case and the sub use cases are described in detail. For every use case a diagram 
is given. It describes the relation of the sub uses cases and the interaction with the actors. 
The uses case is described in relation to the visionary scenario and, if necessary, 
prerequisites are given. Additionally, every (sub) use case is described with a prose text 
and a formal step-by-step description including alternatives and exceptions. 
 

3.3.3.1 UC-01: Ensure parking and charging facility 

 

 

Figure 7: UC-01: Ensure parking and charging facility 
 

 

3.3.3.1.1 UC-01.0: Ensure parking and charging facility 
The User selects and reserves a facility at the destination, that allows parking and charging 
(called charging point, in a charging park). 

 

SCENARIOS 

 

  Basic Path.  

Helena H. looks up and selects a parking location as her target. This includes information about charging 
options and the reservation process for a suitable parking and charging point. Information about existing 
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SCENARIOS 

and available parking and charging sites is transmitted to her car by different communication 
technologies, like DAB and LTE. ς  

 
1. The user seeks and selects the charging park. 

Uses: UC-01.1: Seek and select charging park 

2. A TPEG EMI Charging Point in the TPEG EMI Charging Park is selected. 

Uses: UC-01.2: Reserve charging point 

3. Use case ends. 

Uses: ς  

 

 

 

3.3.3.1.2 UC-01.1: Seek and select charging park 
A charging park is searched and from a collection of suitable options. The User reserves a 
suitable parking lot. 
 

EXTERNAL REQUIREMENTS 

 

  Requirement. REQ-F-001: TPEG traffic information is broadcasted via DAB 

 

 

SCENARIOS 

 

  Basic Path.  

A charging park near the destination location is searched and from a collection of suitable options, the 
user selects one. As a result, the system has a usable precise location where the Vehicle needs to go. 
(Note: this location may differ from the location, where the User is willing to get, as no charging park 
might be exactly at the desired User location). 

 
1. User designates destination location. 

Uses: UC-01.4: Designate destination location 

2. Information is acquired via hybrid approach. 

Uses: UC-01.3.3: Acquire Information via Hybrid approach 

3. App_ParkingLotReservation shows compatible TPEG EMI Charging Park s in the relevant destination 
area. 

Uses: ς  

4. Driver selects TPEG EMI Charging Park  to access additional information. 

Uses: ς  

Alternate:  4a.    Reservation not possible 

5. Driver decides to try a reservation and triggers a reservation request. 

Uses: ς  

Alternate:  5a.    No reservation 

6. TPEG EMI Charging Point is reserved. 

Uses: UC-01.2: Reserve charging point 

7. Use case ends. 

Uses: ς  

 



RESULTS OF THE ARCHITECTURE PROCESS  

 

Deliverable D1v2  |  Version 2.0  |  2018-12-15 23 

SCENARIOS 

 

 

  Alternate.  No reservation  

 

1. Driver decides not to try a reservation. 

Uses: ς 

2. Use case ends. 

Uses: ς 

 

 

  Alternate.  Reservation not possible  

 

1. Reservation is not supported by the TPEG EMI Charging Park  

Uses: ς 

2. Use case ends. 

Uses: ς 

 

CONSTRAINTS 

 

  Invariant.  Transmitted and available information through DAB and HTTP/Internet must be consistent 
and compatible.  

 

There shall not be a significant difference between the information available through DAB reception and 
HTTP/Internet. The receiver does not try to check for inconsistencies and conflicts but is satisfied if it can 
acquire a sufficient information set through one method. 

 

3.3.3.1.3 UC-01.2 Reserve charging point 
The user reserves a parking lot, with an EV-Charging Station (called a "charging point" in 
a "charging park"). The charging park (in e.g. Car Park) must be near the desired 
destination of the user, and is selected by the User. 
 

PRE-CONDITION CONSTRAINT 

 

  Specific charging park was selected by the user 

 

The user has selected a charging park where he likes to make a reservation for a charging point (including 
parking space). The charging park is described by a specific location and a reference to the parkID_key is 
provided. The charging park may contain multiple charging points. 

 

  User has decided to try a reservation in the specified charging park. 

 

  The User is registered with the E-Mobility Provider 

 

The User has received an e-Mobility Account Identifier (EMAID) that it can use to make reservation 
requests. 
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  Basic Path.  

The app App_ParkingLotReservation sends a reservation request to the server. The server responds and 
acknowledges the reservation, including a reservation voucher that may be used to proof that a 
reservation was requested and acknowledged.  

 
1. Request and receive signed voucher from identity provider. 

Uses: ς  

2. App_ParkingLotReservation sends the voucher (previously received from identity provider) and a 
reservation request to the reservation server. 

Uses: ς  

Exception:  2a.  Impossible to send reservation request 

3. The reservation server answers with a reservation response, confirming the reservation. 

Uses: ς  

Alternate:  3a.  No confirmation 

Exception:  3b.  No response; Timeout 

4. Use case ends. 

Uses: ς 

 

  Alternate.  No confirmation  

 

1. Reservation server answers with a reservation response, but without confirming the reservation. 

Uses: ς 

2. Use case ends. 

Uses: ς 

 

 

  Exception.  No response; Timeout  

 

1. No Reservation Response is received from the reservation server within a given amount of time, causing 
a timeout. 

Uses: ς 

2. Use case ends. 

Uses: ς 

 

 

  Exception.  Impossible to send Reservation Request  

 

1. The underlying transport layer tells the App_ParkingLotReservation that no Reservation Request could 
be send (either due to a timeout or because of a lack of a bidirectional connection). 

Uses: ς 

2. Use case ends. 

Uses: ς 

 

 

3.3.3.1.4 UC-01.3.1: Acquire information via DAB 
To acquire DAB information the DAB receiver has to be tunes accordingly, so that the DAB 
TPEG service can receive the information about the relevant destination area. 
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SCENARIOS 

 

  Basic Path.  

The appropriate service is tuned, using the DAB receiver. The data takes some time for reception, 
depending on the reception quality and the amount of data. If reception quality is bad or the amount of 
data exceeds certain limits a timeout may occur or the User may decide to wait no longer to receive data 
via DAB, but to use other means of communication. 

 

1. TPEG-Traffic-Information-Storage loads and decodes data from DAB receiver. 

Uses: ς  

Exception:  1a.  Timeout while trying to load all data 

Alternate:  1b.  User becomes impatient 

2. TPEG-Traffic-Information-Storage estimates (guesses) that all data is loaded and is up-to-date. 

Uses: ς  

3. Use case ends. 

Uses: ς  

 

 

 

  Alternate.  User becomes impatient  

 

1. The User decides that loading data via DAB reception takes too long and it prefers to use Internet 
Connectivity instead. 

Uses: ς  

2. Information is acquired via Internet connectivity.  

Uses: UC-01.3.2: Acquire information via internet/HTTP 

3. Use case ends. 

Uses: ς  

 

 

  Exception.  Timeout while trying to load all data  

 

1. Loading all data using DAB reception takes too long, causing an abort and failback to Internet 
connectivity. 

Uses: ς  

2. Information is acquired via Internet connectivity. 

Uses: UC-01.3.2: Acquire information via internet/HTTP 

3. Use case ends. 

Uses: ς  

 

 

3.3.3.1.5 UC-01.3.2: Acquire information via internet/HTTP 
Load the required information about the relevant destination area, directly via Internet 
Connectivity from a known internet address. 
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SCENARIOS 

 

  Basic Path.  

First, a voucher is requested and received from the Identity Provider, to assure anonymity against other 
servers. The voucher is used to authenticate against the server that provides the information about 
parking and charging availabilities.  

 
1. Request and receive voucher from Identity Provider. 

Uses: ς  

2. Establish a connection via Internet connectivity, handover voucher (previously received from Identity 
Provider) and request the desired information.  

Uses: ς  

Exception:  2a.  Unable to make internet/HTTP connection 

3. Receive the desired information via the same Internet connectivity. 

Uses: ς  

Exception:  3a.  No reception of the desired data or not decodable 

4. Use case ends. 

Uses: ς  

 

 

 

 

  Exception.  Unable to make internet/HTTP connection  

 

1. No connection via internet/HTTP can be established, thus no Internet connectivity. 

Uses: ς  

2. An error message is shown to the User. 

Uses: ς  

3. Acquiring information has failed. 

Uses: ς  

4. Use case ends. 

Uses: ς  

 

 

  Exception.  No reception of the desired data or not decodable  

 

1. No response is received, it is not the desired information or the response is not decodable. 

Uses: ς  

2. The user is informed about the error. 

Uses: ς  

3. Acquiring the desired information has failed. 

Uses: ς  

4. Use case ends. 

Uses: ς  

 

 

3.3.3.1.6 UC-01.3.3: Acquire Information via Hybrid approach 
Use an appropriate TPEG service and load the desired information, about available 
charging parks in the relevant destination area. 
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PRE-CONDITION CONSTRAINT 

 

  E-Mobility Provider must have provided a basic configuration 

 

This includes static information about 

¶ access information where updates for this base information can be loaded directly from the E-
Mobility Provider via internet/HTTP 

¶ which DAB TPEG EMI services provide current information about EV-Charging Stations, that are 
provided by or have roaming contracts with the E-Mobility Provider 

¶ where to load on-demand TPEG EMI data directly via internet/HTTP about EV-Charging Stations 
that are provided by or have roaming contracts with the E-Mobility Provider 

¶ where to make a reservation request via internet/HTTP using the TPEG EMI protocol/application 

 

This might overlap or match hybrid orientation information. 

 

 

SCENARIOS 

 

  Basic Path.  

Preferably a DAB based transmission is used to receive information about charging and Car Parks, 
including free and reservable capacities. The reception is monitored and different communications are 
used in case the preferred options are unavailable or fail to deliver sufficient information in time. 

 
1. TPEG-Traffic-Information-Storage tunes the DAB receiver to appropriate TPEG EMI service (by using 
predefined information which DAB TPEG EMI service to use).  

Uses: ς  

Exception:  1a.  Unable to tune DAB receiver to TPEG service 

2. TPEG-Traffic-Information-Storage checks minimum reception quality (signal strength, error rate) on the 
DAB reception. 

Uses: ς  

Exception:  2a.  DAB reception quality insufficient 

3. Information is acquire via DAB reception. 

Uses: UC-01.3.1: Acquire information via DAB 

4. Use case ends. 

Uses: ς  

 

 

  Exception.  Unable to tune DAB receiver to TPEG service  

In case the information may not be available through DAB, other means of communication are used, such 
as cellular based transmission. The same TPEG based information shall be available through different 
carriers, while not all of them might be available at a certain point in time. 

 
1. TPEG-Traffic-Information-Storage fails to tune DAB receiver to appropriate service. 

Uses: ς  

2. Information is acquired via Internet connectivity.  

Uses: UC-01.3.2: Acquire information via internet/HTTP 

3. Use case ends. 

Uses: ς  
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SCENARIOS 

 

  Exception.  DAB reception quality insufficient  

In case the retrieval of information through the preferred communication path fails, other means of 
communication are used, such as cellular based transmission. The same TPEG based information shall be 
available through different carriers, that might have different quality and performance in different 
situations and the system selects the best option. 

 
1. Quality of the DAB reception is estimated as insufficient. 

Uses: ς  

2. Information is acquired via Internet Connectivity. 

Uses: UC-01.3.2: Acquire information via internet/HTTP 

3. Use case ends. 

Uses: ς  

 

 

3.3.3.1.7 UC-01.4: Designate destination location 
The user types in an address and the navigation system finds the location and matches it 
to its map. As a result, the system has a sufficiently precise location that describes the 
destination desired by the User. 
 

SCENARIOS 

 

  Basic Path.  

The user enters information, describing the intended target of the voyage. The navigation system uses its 
internal logical map to match this information and to pin it down to a specific precise reference in this 
internal logical map that can be used to plan the route and guide the travel. 

 

1. The user types in the desired location address. 

Uses: ς  

Alternate:  1a.  Incomplete address 

2. The Navigation system (local autarkic) finds a perfect match in its logic location database. 

Uses: ς  

Alternate:  2a.  Imperfect match 

3. Use case ends. 

Uses: ς  

 

 

  Alternate.  Incomplete address  

In case the entered information is not complete, thus does not allow to match to one specific location in 
the logical map, the user tries to make a best-effort guess, offer some possible completions to the user 
and ask him to select a specific option. 

 

1. The user gives an incomplete address. 

Uses: ς  

2. The Navigation System searches for possible completions and shows them to the user. 

Uses: ς  

3. The user selects one of the given options. 

Uses: ς  
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SCENARIOS 

 

  Alternate.  Imperfect match  

In case the entered information do not make a match with the internal logical map, the system makes a 
ōŜǎǘ ŜŦŦƻǊǘ ƎǳŜǎǎ ŀōƻǳǘ ǘƘŜ άƴŜŀǊŜǎǘ ƳŀǘŎƘέΣ ǳǎƛƴƎ ƛƴǘŜǊƴŀƭ ƳŜǘǊƛŎǎΦ ! ƭƛƳƛǘŜŘ ƴǳƳōŜǊ ƻŦ ƻǇǘƛƻƴǎ ŀǊe 
presented to the user that is ask to pick one of them. 

 

1. The Navigation System does not find a perfect match. 

Uses: ς  

2. The Navigation System searches for similar options and presents them to the user. 

Uses: ς  

3. The user selects one of the given options. 

Uses: ς  

 

 
 

3.3.3.1.8 UC-01.5 Acquire voucher from identity provider 
A voucher is requested and received from the Identity Provider. 
 

SCENARIOS 

 

  Basic Path.  

A voucher is requested and received from the Identity Provider, which is the only server who knows the 
true identity of the User. The voucher from the Identity Provider is then used to make authenticate to 
other servers, while keeping anonymity or pseudonymity. 

 
1. Contact Identity Provider via Internet/HTTP. 

Uses: ς  

2. Authenticate with the Identity Provider 

Uses: ς  

3. Receive a voucher, signed by the Identity Provider 

Uses: ς  
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3.3.3.2 UC-02: Follow navigation guides 

 

 

Figure 8: UC-02: Follow navigation guides 
 

 

3.3.3.2.1 UC-02.0: Follow navigation guides 
This use case describes how a system in the vehicle calculates possible routes to a given 
destination and how it guides the driver to this destination. In the visionary scenario, 
Helena H. uses this use case to navigate to the new nursery. 

 

 

PRE-CONDITION CONSTRAINT 

 

  Network connection for navigation system is present. 

 

  Destination has been obtained from other system. 

 

SCENARIOS 

 

  Basic Path.  

In this use case, the navigation system calculates possible routes to a destination given by the parking 
ǊŜǎŜǊǾŀǘƛƻƴ ŀǇǇΦ ¢Ƙƛǎ Ŏŀƴ ōŜ ŘƻƴŜ ŜƛǘƘŜǊ ΨƻŦŦƭƛƴŜΩκƛƴ-vehicle or 'online' with the help of a SP_Routing 
Server. The navigation system then prompts the routes to the Driver for selection. Afterwards, it provides 
the Driver with driving commands to assist him in driving to the destination. 

 

iKoPA System of UC-02: Follow navigation guides

{online-routing=false;}

Driver

UC-02.0: Follow 
navigation guides

UC-02.1: Calculate 
possible routes

UC-02.4: Update 
routing information

«actor»
App_ParkingLotReservation

«actor»
SP_RoutingServer

UC-02.2: Calculate 
routes on central 

server

{online-routing=true}

UC-02.3: 
Calculate routes 

local

ζƛƴŎƭǳŘŜηζƛƴŎƭǳŘŜη

ζŜȄǘŜƴŘη

ζƛƴŎƭǳŘŜη ζŜȄǘŜƴŘη
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1. Driver opens Navigation System (local autarkic). 

Uses: ς  

2. Navigation System (local autarkic) displays destination point, received from 
App_ParkingLotReservation, on map. 

Uses: ς  

Exception:  2a.  Destination not received 

3. UC-02.1: Calculate possible routes. 

Uses: ς  

Exception:  3a.  No possible route found 

4. Navigation System (local autarkic) shows possible routes to Driver and waits for route selection. 

Uses: ς  

5. Driver selects desired route. 

Uses: ς  

Exception:  5a.  No route selected 

6. Navigation System (local autarkic) starts navigation to destination via selected route. 

Uses: ς  

7. Use case ends. 

Uses: ς  

 

 

  Exception.  Destination not received  

 

1. Destination point not received from App_ParkingLotReservation. 

Uses: ς  

2. Use case ends. 

Uses: ς  

 

 

  Exception.  No possible route found  

 

1. No possible route returned by UC-02.1: Calculate possible routes.  

Uses: ς  

2. Inform Driver. 

Uses: ς  

3. Use case ends. 

Uses: ς  

 

 

  Exception.  No route selected  

 

1. Driver does not select a route until the system is shut down. 

Uses: ς  

2. Use case ends. 

Uses: ς  
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POST CONDITION CONSTRAINT 

 

  Route guidance in the navigation system is active. 

 

 

 

3.3.3.2.2 UC-02.1: Calculate possible routes 
The navigation system calculates possible routes. 
 

SCENARIOS 

 

  Basic Path.  

The navigation system calculates possible routes, depending on the traffic input, User preferences and 
Vehicle properties. 

 
1. Navigation System (local autarkic) calculates preliminary routes based on map data, preferences and 
currently known data. 

Uses: ς  

Exception:  1a.  No route possible 

2. UC-02.3: Calculate routes locally (this is the default). 

Uses: ς  

Alternate:  2a.  Online route calculation 

3. Navigation System (local autarkic) returns route. 

Uses: ς  

4. Use case ends. 

Uses: ς  

 

 

  Alternate.  Online route calculation  

In this sub-use case, the route to the destination is calculated, either purely locally or by communicating 
with a backend routing server. 

 
1. UC-02.2: Calculate routes on central server (if online calculation is chosen.) 

Uses: ς  

 

 

  Alternate.  Offline route calculation  

 

1. UC-02.3: Calculate routes locally 

Uses: ς  

 

 

  Exception.  No route possible  

 

1. Notify Navigation System (local autarkic). 

Uses: ς  

2. Use case ends. 

Uses: ς  
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3.3.3.2.3 UC-02.2: Calculate routes on central server 
Calculate routes remotely on a central server with all information available there. 
 

PRE-CONDITION CONSTRAINT 

 

  Connection to Sp_RoutingServer is available. 

 

  Destination is known. 

 

SCENARIOS 

 

  Basic Path.  

Calculate routes remotely on a central server with all information available there, e.g. a traffic forecast 
based on historical data.  

 
1. Forward destination and vehicle information to SP_RoutingServer. 

Uses: ς  

2. SP_RoutingServer responds with route. 

Uses: ς  

Exception:  2a.  No route received 

3. Traffic information from TPEG-Traffic-Information-Storage is added to route for clarification. 

Uses: ς  

4. Return received route. 

Uses: ς  

5. Use case ends. 

Uses: ς  

 

 

 

  Exception.  No route received  

 

1. Inform Navigation System (local autarkic).  

Uses: ς  

2. Use case ends. 

Uses: ς  

 

 

POST CONDITION CONSTRAINT 

 

  Route is known. 
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3.3.3.2.4 UC-02.3: Calculate routes locally 
Calculate the routes locally with information available to the navigation system. 
 

SCENARIOS 

 

  Basic Path.  

Calculate the routes locally with information available to the navigation system. 

 
1. Destination is sent to the Navigation System (local autarkic). 

Uses: ς  

2. Navigation System (local autarkic) obtains traffic data from TPEG-Traffic-Information-Storage. 

Uses: ς  

Exception:  2a.  Destination not sent 

Exception:  2b.  No TPEG Information available 

3. Navigation System (local autarkic) calculates possible routes based on available data. 

Uses: ς  

4. Navigation System (local autarkic) returns optimal route. 

Uses: ς  

Exception:  4a.  No route possible 

5. Use case ends. 

Uses: ς  

 

 

  Exception.  Destination not sent  

 

1. Return error indication. 

Uses: ς  

2. Use case ends. 

Uses: ς 

 

 

  Exception.  No TPEG Information available  

 

1. No traffic information is obtained from TPEG-Traffic-Information-Storage. 

Uses: ς 

 

  Exception.  No route possible  

 

1. No possible route is found. 

Uses: ς 

2. Inform User about routing problem. 

Uses: ς  

3. Use case ends. 

Uses: ς  

 

 

3.3.3.2.5 UC-02.4: Update routing information 
The navigation system updates the routing information, either because it has been 
triggered to do so (e.g. as new traffic information is available) or because the driver has 
left the route. 
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PRE-CONDITION CONSTRAINT 

 

  A route has been selected and the navigation was running. 

 

  An event occurred, which triggered a re-calculation of the route. 

 

SCENARIOS 

 

  Basic Path.  

In this sub-use case, the possible routes calculated by the navigation system are shown to the driver. He 
then selects one of the routes. The selected route is used by the navigation system to navigate to the 
destination. 

 
1. UC-02.1: Calculate possible routes. 

Uses: ς  

Exception:  1a.  No possible route found 

2. Navigation System (local autarkic) shows new route to Driver and waits for confirmation. 

Uses: ς  

3. Driver confirms new route. 

Uses: ς  

Alternate:  3a.  Driver does not confirm new route 

4. Navigation System (local autarkic) starts navigation to destination via selected route. 

Uses: ς  

5. Use case ends. 

Uses: ς  

 

 

  Exception.  No possible route found  

 

1. UC-02.1: Calculate possible routes does not return any usable route. 

Uses: ς  

2. Inform Driver that navigation is not possible. 

Uses: ς  

3. Use case ends. 

Uses: ς  

 

 

  Alternate.  Driver does not confirm new route  

 

1. Driver does not confirm new route. 

Uses: ς  

2. Navigation System (local autarkic) continuous navigating on previously selected route. 

Uses: ς  

3. Use case ends. 

Uses: ς  
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3.3.3.3 UC-03: Use Traffic Light Forecast for energy efficient behavior 
 

 

Figure 9: UC-03: Use Traffic Light Forecast for energy efficient behavior 
 

3.3.3.3.1 UC-03.0: Use speed advisory on traffic lights 
The smartphone/e-vehicle app receives a Traffic Light Forecast (TLF) and uses it to display 
information that could be used by the driver in order to optimize driving behavior in the 
most energy efficient way. The displayed information can be in the form of a Green Light 
Optimal Speed Advisory (GLOSA) or Time to Green (TTG). The TLF data could be further 
used by onboard-automated cruise control functionality in order to enable adaptive speed 
adjustments, which could increase efficiency and comfort of driving. 
 

SCENARIOS 

 

  Basic Path.  

The Traffic Light Forecast (TLF) data is generated by the Forecast Service based on parameters 
continuously provided by the local Traffic Light Controller. The forecast data is received by the 
smartphone/e-vehicle app and is used to produce information for Green Light Optimal Speed Advisory 
(GLOSA) and/or Time to Green (TTG).  

 

1. Traffic Light Controller (TLC) provides current detection and signal group data to Forecast service. 

Uses: ς  

Alternate:  1a.  11p local path 

2. Forecast Service (TLF) generates a forecast based und current [and historic] data. 

Uses:  ς  

3. The forecast is linked to the corresponding MAP representation and both are issued as a SPAT/MAP 
message on a service interface. 

Uses:  ς  

4. Dissemination & reception - Sub-Use cases 

Uses: ς  

iKoPA System of UC-03: Use Traffic Light Forecast for energy
efficient behavior

iKoPA System of UC-03: Use Traffic Light Forecast for energy
efficient behavior

UC-03.1 Provide 
Forecast locally

«actor»
Forecast Service (TLF)

UC-03.2 Provide 
Forecast centrally

UC-03.0: Use speed 
advisory on traffic 

lights

«actor»
Traffic Light Controller 

(TLC)

«actor»
Service Provider

Driver

«actor»
App_TrafficLightAssistant

ζƛƴŎƭǳŘŜη

ζƛƴŎƭǳŘŜη
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SCENARIOS 

Alternate:  4a.  Central path 

5. Return from sub-use cases. 

Uses: ς  

6. App_TrafficLightAssistant shows GLOSA or TTG. 

Uses: ς  

7. Vehicle adapts its longitudinal movement automatically or manually.  

Uses: ς  

8. Use case ends 

Uses: ς  

 

 

  Alternate.  11p local path  

 

1. <include> UC-03.1 Provide Forecast locally 

Uses: ς  

 

 

  Alternate.  Central path  

 

1. <include> UC-03.2 Provide Forecast centrally 

Uses: ς  

 

 

3.3.3.3.2 UC-03.1_local: Provide forecast locally 
The TLF data is broadcasted locally within the area of the serviced intersection. 
 

SCENARIOS 

 

  Basic Path.  

In this use case the TLF data is delivered to the Traffic Light Controller and broadcasted locally over a 
standard V2X dedicated wireless interface. 

 

1. Traffic Light Controller (TLC) uses the generated SPAT/MAP of the Forecast Service (TLF) to disseminate 
it via 802.11p (locally). 

Uses: ς  

2. The Vehicle reaches the area of the intersection (recognized by 802.11p reception) and receives Traffic 
Light Forecast via 11p. 

Uses: ς  

3. Sub-use case ends: return to basic path. 

Uses: ς  

 

 
  



RESULTS OF THE ARCHITECTURE PROCESS  

 

Deliverable D1v2  |  Version 2.0  |  2018-12-15 38 

 

3.3.3.3.3 UC-03.2_central: Provide forecast centrally 
The TLF data is disseminated and consumed by others through a central service. 
 

PRE-CONDITION CONSTRAINT 

 

  As the case may be the User must have registered to get access to the central service depending on 
if the service can be used free of charge or not. 

 

 

SCENARIOS 

 

  Basic Path.  

The TLF data is disseminated globally to users by a Service Provider over a wireless network (DAB+, cellular 
or other). 

 

1. Service Provider receives a generated SPAT/MAP from the Forecast Service (TLF). 

Uses: ς  

2. Vehicle reaches area of intersection recognized by app functionality through GPS geo-fencing 
mechanism. 

Uses: ς  

3. App_TrafficLightAssistance acquires/filters out the TLF data for the recognized intersection. 
Uses: ς  

4. Sub-Use case ends: return to basic path. 

Uses: ς  

 

 
 

3.3.3.4 UC-04: Receive entrance clearance for car park via V2X authentication 
 

 

Figure 10: UC-04: Receive entrance clearance for car park 

iKoPA System of UC-04: Receive entrance clearance
for car park

iKoPA System of UC-04: Receive entrance clearance
for car park

UC-04.0: Receive 
entrance clearance 

for car park

«actor»
Vehicle

«actor»
Car Park Barrier

«actor»
Car Park

UC-04.1: 
Authenticates at the 

car park via V2X

UC-04.2: Get 
entrance 

permission

ζƛƴŎƭǳŘŜη

ζƛƴŎƭǳŘŜη
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3.3.3.4.1 UC-04.0: Receive entrance clearance for Car Park 
Vehicle authenticates itself at the car park via V2X and gets entrance permission via 
opening a barrier or giving green light. 
 

SCENARIOS 

 

  Basic Path.  

The sequence of V2X authentication follows: The Vehicle approaches the Car Park. When in reach of the Car 
Park RSU, i.e. 300 - 1500 m distance, the V2X RSU regularly identifies itself as a barrier. The V2X Vehicle's 
OBU sends the V2X registration message requesting entrance. The Car Park RSU sends a challenge to the 
V2X OBU in the form of a set of random numbers. The Vehicle reacts by sending a signed response encrypted 
with its private key received during registration. The Car Park RSU confirms the V2X response message as 
valid using the public key. As a final action, the Car Park barrier opens up the way for the vehicle and the 
vehicle enters the car park.  

 
1. UC-04.1: Authenticate at the Car Park via V2X 

Uses: ς  

2. UC-04.2: Get entrance permission 

Uses: ς  

3. Use case ends. 

Uses: ς  

 

 

3.3.3.4.2 UC-04.1: Authenticate at the Car Park via V2X 
The Vehicle arrives at the Car Park. It sends its authentication request via V2X to the 
barrier's V2X station. The barrier RSU checks the request by sending a challenge to the 
Vehicle. The Vehicle signs with the private key received during reservation. The barrier 
checks authentication with the public key. If confirmed, the barrier opens. Traffic light 
colors signal the authentication result option. 
 

PRE-CONDITION CONSTRAINT 

 

  The Vehicle identification is registered at the Identity Provider. 

 

  The Vehicle identification via V2X is implemented. 

 

  The Vehicle has a valid reservation for the Car Park.  

 

  The Vehicle is located near the Car Park.  
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  The Car Park RSU has access to the reservation data.  

 

SCENARIOS 

 

  Basic Path.  

The authentication procedure is based on the following concept: A Vehicle approaches the Car Park with 
the V2X OBU getting into the reach of Car Park RSU. The Car Park RSU sends regular messages: "I am a 
barrier, Vehicles, please authenticate!". The Vehicle's V2X OBU sends the V2X authentication request; the 
Car Park Barrier challenges the vehicle and gets a signed response back. As next step, the Car Park RSU 
checks whether the signature from the V2X OBU is valid without involving the reservation backend server, 
and without knowledge of the Vehicle's identity.  

 
1. Vehicle approaches Car Park with the Vehicle V2X OBU getting into the reach of Car Park RSU. 

Uses: ς  

2. Vehicle V2X OBU sending the V2X registration message carrying the identification information. 

Uses: ς  

3. Car park RSU checks whether the registration message of Vehicle V2X OBU is valid involving the 
reservation service backend service. 

Uses: ς  

4. Use case ends. 

Uses: ς  

 

 

POST CONDITION CONSTRAINT 

 

  The reservation status is updated in the reservation backend server. 

 

 

 
 

3.3.3.4.3 UC-04.2: Get entrance permission 
The Car Park barrier gets the authorization result from the local V2X station after the 
authentication procedure. If the Vehicle is allowed to access, the Car Park the barrier is 
opened and the Vehicle may pass. 
 

PRE-CONDITION CONSTRAINT 

 

  The Vehicle identification is registered in the Identity Provider. 

 

  The Vehicle identification via V2X is implemented. 
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  The Vehicle has a valid reservation for Car Park.  

 

  Car Park RSU of Car Park has access to the reservation data.  

 

SCENARIOS 

 

  Basic Path.  

Access to the Car Park is granted with the following set of actions: First, the Car Park RSU confirms the 
V2X reservation message as valid. Then the Car Park barrier opens up the way for the Vehicle. The Vehicle 
then enters the Car Park, which ends the use case. 

 

1. Car Park RSU confirms the V2X RegistrationMessage as valid to the Vehicle V2X OBU. 

Uses: ς  

Exception:  1a.  Technical issue 

Exception:  1b.  Authentication invalid 

Exception:  1c.  Capacity not sufficient 

2. Car Park barrier opens up the way for Vehicle. 

Uses: ς  

3. Vehicle enters the Car Park. 

Uses: ς  

4. Use case ends. 

Uses: ς  

 

 

  Exception.  Authentication invalid  

 

1. Car park RSU denies the V2X reservation message since authentication is invalid. 

Uses: ς  

2. Car park barrier stays in the blocking position. 

Uses: ς  

3. Car park RSU sends V2X denial message to Vehicle V2X OBU that the authentication is invalid. 

Uses: ς  

4. Use case ends. 

Uses: ς  

 

 

  Exception.  Capacity not sufficient  

 

1. Car park RSU denies the V2X reservation message since the system has technical issues. 

Uses: ς  

2. Car park barrier stays in the blocking position. 

Uses: ς  

3. Car park RSU sends V2X denial message to Vehicle V2X OBU that the system does not work properly. 

Uses: ς  

4. Use case ends. 

Uses: ς  
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SCENARIOS 

 

  Exception.  Technical issue  

 

1. Car park RSU denies the V2X reservation message since the system has technical issues. 

Uses: ς  

2. Car park barrier stays in the blocking position.  

Uses: ς  

3. Car park RSU sends V2X denial message to Vehicle V2X OBU that the system does not work properly. 

Uses: ς  

4. Use case ends. 

Uses: ς  

 

 

POST CONDITION CONSTRAINT 

 

  Car park barrier closes after vehicle entered. 

 

 

 

  The reservation status is updated in the reservation backend server. 

 

 

 

 

3.3.3.5 UC-05: Park (partly) automated at charger 

 

 

Figure 11: UC-05: Park (partly) automated at charger 
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3.3.3.5.1 UC-05.0: Park (partly) automated at charger 
The Vehicle drives (partly) automated to the EV-Charging Station and parks there. 
 

RESPONSIBILITIES (INTERNAL REQUIREMENTS) 

 

  .  Use case 04 has to be finished successfully. 
 
In order not to check the authentication and the reservation of the Vehicle twice, use case 05 can only 
start when use case 04 has finished successfully. 

 

SCENARIOS 

 

  Basic Path.  

Helena H. reaches the Car Park Barrier at the Car Park of the shopping mall with her Vehicle. She leaves 
the Vehicle and goes shopping. Meanwhile the Vehicle drives (partly) automated from the entrance of the 
Car Park to the reserved charging spot. After finishing her shopping tour, Helena returns to the barrier of 
the Car Park and calls her Vehicle via the App_CarRequestService. When the Vehicle arrives, Helena takes 
it over and continues her travel. This use case will be triggered by use case 4.2 after the authentication 
procedure and the reservation check are completed. 

Afterwards the Car Park checks the V2X connection between the Vehicle and Car Pank the occupancy 
status of charging spot. If the pre-reserved charging spot is empty, the Car Park calculates the indoor route 
to the EV-Charging Station and transmits it to the Vehicle. The Vehicle calculates the real driving trajectory 
from the received routing information. If these steps are preformed successfully, the vehicle starts driving 
and the car park invokes use case 07.  

 
1. Car Park checks V2X Connection between Vehicle and Car Park. 

Uses: ς  

2. Car Park checks occupancy of parking lot. 

Uses: ς  

3. Car Park calculates indoor route to the parking lot. 

Uses: ς  

4. Car Park transmits route to Vehicle. 

Uses: ς  

5. The Vehicle calculates a trajectory from the routing information. 

Uses: ς  

6. Vehicle starts driving. 

Uses: ς  

7. The UC-07.0: Camera-based in-car park positioning will be invoked. 

Uses: ς  

8. Use case ends. 

Uses: ς  
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3.3.3.6 UC-06: Pay parking and charging 

 

 

Figure 12: UC-06: Pay parking and charging 
 

3.3.3.6.1 UC-06.0: Pay parking and charging 
The Driver automatically pays the parking and charging bill. 
 

SCENARIOS 

 

  Basic Path.  

The payment model is based on the time spent in a Car Park and charging spot (as opposed to a model 
based on the power-consumption). The time spent in the Car Park and charging spot is determined and 
recorded separately to account for different costs and prices. 

Ψ 
1. <include> UC-06.1 Report reservation to SP_BillingService 

Uses: ς  

2. <include> UC-06.2 Register arrival and departure from Car Park 

Uses: ς  

3. <include> UC-06.3 Register arrival and departure from charging spot 

Uses: ς  

4. Use case ends. 

Uses: ς  
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3.3.3.6.2 UC-06.1: Report reservation to SP_BillingService 
The necessary information to bill the Driver for a reservation is reported to a 
SP_BillingService. 
 

PRE-CONDITION CONSTRAINT 

 

  The User reserved a charging park E-Mobility Provider. 

 

  The reservation was confirmed. 

 

  The user is registered at the SP_BillingService. 

 

SCENARIOS 

 

  Basic Path.  

Information about a reservation is passed on to the SP_BillingService. The intent is to extend the UC-1.2 
to enable automatic billing of a reservation, for example, by charging a reservation fee. 

 
1. <extend> UC-01.2. 

Uses: ς  

2. The Car Park reports the information necessary for billing to the SP_BillingService. 

Uses: ς  

3. Use case ends. 

Uses: ς  

 

 

3.3.3.6.3 UC-06.2: Register arrival and departure from Car Park 
The time spent in the Car Park is automatically determined by registering the arrival and 
departure time. 
 

PRE-CONDITION CONSTRAINT 

 

  The Vehicle received entrance permission 

 

SCENARIOS 

 

  Basic Path.  

As the pricing model is based on the time spent in the Car Park, the actual time spent of the Vehicle in the 
Car Park must be determined. To determine the duration, the Car Park registers the time of entry and exit 
of the Vehicle. After the time is determined, the Car Park reports the time spent to the SP_BillingService. 



RESULTS OF THE ARCHITECTURE PROCESS  

 

Deliverable D1v2  |  Version 2.0  |  2018-12-15 46 

SCENARIOS 

 
1. <extend> UC-04.02 and UC-08.02. 

Uses: ς  

2. The Vehicle enters the Car Park. 

Uses: ς  

3. The (IT systems of the) Car Park registers the time of entry. 

Uses: ς  

4. The Vehicle parks in the Car Park. 

Uses: ς  

5. The Vehicle leaves the Car Park. 

Uses: ς  

6. The (IT systems of the) Car Park registers the time of departure. 

Uses: ς  

7. The Car Park determines the time spent and reports to the SP_BillingService. 

Uses: ς  

8. Use case ends. 

Uses: ς  

 

 

POST CONDITION CONSTRAINT 

 

  The time spent in the car park is known. 

 

 

 

3.3.3.6.4 UC-06.3: Register arrival and departure from charging spot 
The time spent in the charging spot is automatically determined by registering the arrival 
and departure time. 
 

PRE-CONDITION CONSTRAINT 

 

  The vehicle entered the Car Park. 

 

  The Vehicle received entrance permission. 

 

SCENARIOS 

 

  Basic Path.  

Similar to UC-6.2, the time spent of the Vehicle at an EV-Charging Station must be determined. To 
determine the duration, the EV-Charging Station registers the time of arrival and departure of the Vehicle. 
The arrival and departure times are reported to the Car Park, which in turn determines the time spent at 
an EV-Charging Station. The duration is then reported to the billing service. 
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SCENARIOS 

1. <extend> UC-06.2 

Uses: ς  

2. The Vehicle enters the EV-Charging Station. 

Uses: ς  

3. The EV-Charging Station reports the time of arrival to the Car Park. 

Uses: ς  

4. The Vehicle charges. 

Uses: ς  

5. The Vehicle departs from the EV-Charging Station. 

Uses: ς  

6. The EV-Charging Station reports time of departure to the Car Park. 

Uses: ς  

7. The Car Park determines the time spent and reports to the SP_BillingService. 

Uses: ς  

8. The Vehicle leaves the CarPark. 

Uses: ς  

Alternate:  8a.  Continued parking (w/o charging) 

9. Use case ends. 

Uses: ς  

 

 

  Alternate.  Continued parking (w/o charging)  

 

1. The Vehicle moves to another parking lot. 

Uses: ς  

2. Use case ends. 

Uses: ς  

 

 

POST CONDITION CONSTRAINT 

 

  The time spent at the EV-Charging Station is known 
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3.3.3.7 UC-07: Camera-based in-Car Park positioning 
 

 

Figure 13: UC-07: Camera-based in-car park positioning 

3.3.3.7.1 UC-07.0: Camera-based in-Car Park positioning 
The position data of the Vehicle in enhanced by combining it with position information 
created by the Car Parks camera system. 
 

SCENARIOS 

 

  Basic Path.  

This use case tracks the autonomous Vehicle in the Car Park and provides it with precise position 
information as a GPS supplement/replacement. This information is necessary to improve the internal 
sensor information of the vehicle with additional information received by the camera system of the Car 
Park.  

This use case will be invoked by use case 05 "Park (partly) automated at charger". At the beginning, the 
lane cameras capture the vehicle, which is waiting in front of the Car Park Barrier. In the following step, 
the captured image of the vehicle will be assigned to the authenticated vehicle, which got the entrance 
permission. The camera system pursues the moving vehicle in a running loop and send the position data 
back to the car. This process continues about every 100 ms until the car reaches its final charging or 
parking position. 

 
мΦ ¦ǎŜ ŎŀǎŜ лтΦм άInitial assignment of vehicle to the infrastructure of the car park" will be invoked. 

Uses:  

2. Use case 07.2 "Track vehicles using cameras" will be invoked. 

Uses:  

3. Use case ends. 

Uses:  
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3.3.3.7.2 UC-07.1: Initial assignment of vehicle to the infrastructure of the Car Park 
The optically captured vehicle at the entrance of the Car Park is assigned to the 
authenticated Vehicle connected via V2X communication. 
 

SCENARIOS 

 

  Basic Path.  

In this initial step, the Car Park sets up an assignment between the Vehicles, which is waiting at the barrier 
of the Car Park (captured by the lane cameras) and the Vehicle, which is successfully registered via the 
V2X communication to the Car Park. The assignment procedure is based on the following concept. First, 
the Car Park classifies the object at the entrance barrier as a Vehicle. In the following step, the Car Park 
determines the current position of the Vehicle in front of the Car Park. Finally, the Car Park assigns the 
vehicle captured by the camera system in front of the Car Park to the Vehicle-ID of the vehicle, which got 
the entrance permission via V2X connection. 

 
1. Car Park classifies the object at the Car Park Barrier as a Vehicle. 

Uses: ς  

2. Car Park determines the current position of the Vehicle in front of the Car Park. 

Uses: Tracking Camera System 

3. Car Park assigns the Vehicle in front of the Car Park to the Vehicle-ID of the Vehicle, which got entrance 
permission via V2X connection. 

Uses: ς  

4. Use case ends. 

Uses: ς  

 

 

3.3.3.7.3 UC-07.2: Track vehicles using cameras 
The moving vehicle is tracked by the camera system. 
 

SCENARIOS 

 

  Basic Path.  

The aim of this sub-use case is to provide the autonomously driving Vehicle with highly accurate and up-
to-date position data captured by the camera system. This process will run in a loop so that about every 
100 ms a new position will be sent to the vehicle. The loop will stop when the vehicle reaches its charging 
spot or, in the return case, the Car Park Barrier. 

 
1. Car Park tracks the position of the considered Vehicle every 100ms. 

Uses: Tracking Camera System 

2. Car Park transmits the position to the assigned Vehicle. 

Uses: Car Park RSU, Vehicle V2X OBU 

3. Use case ends. 

Uses: ς  
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3.3.3.8 UC-08: Get access to parking lot via RFID Identification 

 

 

Figure 14: UC-08: Get access to parking lot 

3.3.3.8.1 UC-08.0: Get access to Car Park 
The Car Park Barrier checks a Vehicle's identification and granting access to the Car Park 
only if the identity of the Vehicle's RFID tag matches an entry of a dynamic white list of 
accepted vehicles. 
 

SCENARIOS 

 

  Basic Path.  

The access to the Car Park is granted based on the following RFID treatment: A Vehicle approaches a Car 
Park with its dynamic RFID license plate registered in a local white list. The RFID reader at the car park 
checks the RFID license plate of vehicle. The reader confirms the RFID tag as valid by checking against a 
white list received from the cloud, stored locally, or communicated during the reservation. The Car Park 
barrier opens up the way for Vehicle whereupon the Vehicle enters the Car park. Thereafter, the Vehicle 
can drive to the assigned parking lot.  

 

1. UC-08.1: Usage of a charging / parking service 

Uses: ς  

2. UC-08.2: Register initially as potential customer and User 

Uses: ς  

3. Use case ends. 

Uses: ς  

 

 

3.3.3.8.2 UC-08.1: Usage of charging / parking service 
The Vehicle has access to Car Park. This is signaled by a barrier opening and/or a traffic 
light showing green. The vehicle charges at an EV-Charging Station and/or parks on an 
assigned or available parking lot by means of automatic parking 
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PRE-CONDITION CONSTRAINT 

 

  The vehicle has a valid reservation for the parking lot.  

 

  The RFID reader of the Car Park has access to the reservation data.  

 

SCENARIOS 

 

  Basic Path.  

After identification, the Vehicle can access the Car Park with the following sequence of actions: the vehicle 
approaches the parking lot with the RFID license. The RFID reader at the Car Park checks the RFID license 
plate of the Vehicle against its white list or a list communicated during a reservation procedure. The Vehicle 
charges and/or parks, which ends the use case.  

 

1. Vehicle approaches parking lot RFID reader with the Vehicle RFID license. 

Uses: ς  

2. Parking lot RFID reader at the Car Park checks the vehicle RFID license plate of the Vehicle. 

Uses: ς  

3. Use case ends. 

Uses: ς  

 

 

POST CONDITION CONSTRAINT 

 

  The reservation status is updated in the reservation backend server. 

 

 

3.3.3.8.3 UC-08.2: Register initially as potential customer and User 
Before a customer can reserve a parking lot, it has to register as a potential customer. 
After that, it can identify and is allowed to enter. 
 

PRE-CONDITION CONSTRAINT 

 

  The Vehicle has a valid reservation for car parking lot.  

 

  RFID reader of the Car Park has access to the registration data.  
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SCENARIOS 

 

  Basic Path.  

The vehicle needs to be registered as follows: The user registers for the service and receives a programmable 
RFID tag as well as a NFC Tag. The RFID tag is for the vehicle, the NFC Tag is for pairing the User/smartphone 
to the Vehicle. This RFID tag is used for the reservation using the smartphone in proximity to NFC. It is then 
used for get access using the RFID reader at the barrier in distance to the RFID tag. 
 

1. Parking lot RFID reader confirms the vehicle RFID license plate tag as valid. 

Uses: ς  

Exception:  1a.  Authentication invalid 

Exception:  1b.  Technical issues 

2. Reservation Service opens up the way for vehicle. 

Uses: ς  

3. Vehicle drives onto assigned parking lot. 

Uses: ς  

4. Use case ends. 

Uses: ς 

 

 

  Exception.  Authentication invalid  

 

1. Parking lot RFID reader denies entry, because the authentication is invalid. 

Uses: ς  

2. Parking lot barrier stays in the blocking position.  

Uses: ς  

3. Parking lot RFID reader indicates that the authentication is invalid by showing e.g. a red light. 

Uses: ς  

4. Use case ends. 

Uses: ς  

 

 

  Exception.  Technical issues  

 

1. Parking lot RFID reader denies the RFID tag, because the system has technical issues. 

Uses: ς  

2. Parking lot barrier stays in the blocking position.  

Uses: ς 

3. Parking lot RFID reader does not show any response to the RFID tag. 

Uses: ς  

4. Use case ends. 

Uses: ς  

 

 
 

POST CONDITION CONSTRAINT 

 

  The reservation status is updated in the reservation backend server. 
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3.3.3.9 UC-09: Communicate with charger & charge 

 

 

Figure 15: UC-09: Communicate with charger & charge 

 

3.3.3.9.1 UC-09: Communicate with charger & charge 
The Vehicle is connected to the EV-Charging Station and the charging process is taking 
place. 
 

PRE-CONDITION CONSTRAINT 

 

  For Service Provider path: User has (registered) relation to Service Provider. 

 

The User has a contract with a Service Provider. The User has a valid reservation for an appointed time 
slot of the charging spot. 

 

  For Service Provider path with Car Park: Service Provider and Car Park operator have business 
relation. 

 

Car Park operator and Service Provider must have a relation to allow reservations or billing information 
to be exchanged and to allow the User to access the parking lot with the reserved EV-Charging Station. 

 

SCENARIOS 

 

  Basic Path.  

Vehicle has arrived at the destination, which has a dedicated charging spot for electric vehicles.  

 

1. Vehicle is parking in the reserved spot with EV-Charging Station. 

Uses: ς  

Alternate:  1a.  Involve Service Provider (and Car Park) - Part 1 
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SCENARIOS 

2. Vehicle authenticates to the EV-Charging Station. 

Uses: ς  

3. Charging Point Management System asks Car-Park Service Staff to connect Vehicle. 

Uses: ς  

4. Car-Park Service Staff connects Vehicle and the charging process is starting. 

Uses: ς  

5. Charging is in process (EV-Charging Station reports status to Charge Point Management System). 

Uses: ς  

6. Car-Park Service Staff disconnects Vehicle after charging is finished / on request that User wants to 
collect the Vehicle. 

Uses: ς  

7. EV-Charging Station reports service consumption information to Charge Point Management System. 

Uses: ς  

Alternate:  7a.  Involve Service Provider (and car park) - Part 2 

8. Payment process (direct on site or via Service provider) is treated through the Charge Point 
Management System and its connection to the Car Park control.  

Uses: ς  

9. Vehicle is returned to User  

Uses: ς  

10. Use Cases ends 

Uses: ς  

 

 

  Alternate.  Involve Service Provider (and car park) - Part 1  

 

1. User is checking for free spaces and books a charging space with his provider for a certain charging 
point (in a certain Car Park).  

Uses: ς  

2. Electric mobility preservation systems execute reservation locally (and prepare to give User access to 
the Car Park). 

Uses: ς  

3. User arrives with his Vehicle (at the Car Park and gets entry permission) and starts (autonomous) 
parking the Vehicle at the reserved charging point. 

Uses: ς  

 

 

  Alternate.  Involve Service Provider (and car park) - Part 2  

 

1. Charge Point Management System takes care of billing. 

Uses: ς  

2. Car park supports leave of user Vehicle by allowing to leave at the exit barrier. 

Uses: ς  

3. Charge Point Management System use the B2B service contracting relation for clearing / billing. 

Uses: ς 

4. End of use case path / back to Basic Path. 

Uses: ς  
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3.3.3.10 UC-10: Receive state of charge of Vehicle 
 

 

Figure 16: UC-10: Receive state of charge of vehicle 

 

3.3.3.10.1 UC-10.0: Registration for state of charge of vehicle via App 
The Driver sends (via App_CarStateOFChargeService) registration to receive state of 
charge (SOC) of the vehicle. 
 

SCENARIOS 

 

  Basic Path.  

In this path, the Driver tries to register for the service via smartphone. The Service Provider confirms or 
rejects the registration.  

 
1. Driver sends registration for service of SP_CarStateofChargeService via App_CarStateOfChargeService. 

Uses: ς  

2. SP_CarStateOfChargeService receives and checks registration. 

Uses: ς  

3. SP_CarStateOfChargeService send confirmation to App_CarStateOfChargeService and Vehicle. 

Uses: ς  

Alternate:  3a.  Rejection 

4. App_CarStateOfChargeService receives confirmation. 

Uses: ς  

5. App_CarStateOfChargeService informs Driver. 

Uses: ς 

6. Use case ends 

Uses: ς  
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registered App
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SCENARIOS 

 

  Alternate.  Rejection  

 

1. SP_CarStateOfChargeService send rejection to App_CarStateOfChargeService. 

Uses: ς  

2. App_CarStateOfChargeService receive rejection. 

Uses: ς  

3. App_CarStateOfChargeService informs Driver. 

Uses: ς  

4. Use case ends. 

Uses: ς  

 

 

3.3.3.10.2 UC-10.1: Receive state of charge of vehicle to registered App 
The driver receives state of charge (SOC) of the vehicle on his cell phone. 
 

SCENARIOS 

 

  Basic Path.  Basic Path  

Driver receives the state of charge via smartphone. 

 
1. App_CarStateOfChargeService receives "state of charge". 

Uses: ς  

2. App_CarStateOfChargeService notifies the Driver. 

Uses: ς  

3. Use case ends. 

Uses: ς  

 

 

3.3.3.10.3 UC-10.2: Send state of charge of vehicle to registered App 
The vehicle sends the state of charge (SOC) to the APP_CarStateOfChargeService. 
 

SCENARIOS 

 

  Basic Path.  Basic Path  

Vehicle sends the state of charge to the smartphone. 

 
1. Vehicle sends "state of charge of vehicle" to registered App_CarStateOfChargeService. 

Uses: ς  

2. Use case ends. 

Uses: ς  
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3.3.3.11 UC-11: Request vehicle 

 

 

Figure 17: UC-11: Request vehicle 

 

3.3.3.11.1 UC-11.0: Request vehicle 
The Driver wants to be picked up at a specific position in the Car Park. Therefore, a request 
needs to be initiated to the Vehicle. 
 

SCENARIOS 

 

  Basic Path.  Basic Path  

To be picked up by the Vehicle, the Driver requests the Vehicle to a specific position in or in front of the 
Car Park. This request is initiated via a personal device; most likely a smartphone. After an authorization 
check, the Vehicle will automatically drive from its current position (in most cases a parking lot) to the 
request position of the Driver. This could be either a defined area, parking space or a specific position in 
the Car Park. 

 
1. <include> UC-11.1: Register for Car Request Service 

Uses: ς  

2. <include> UC-11.2 Request Vehicle  

Uses: ς  

3. Use case ends. 

Uses: ς  
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3.3.3.11.2 UC-11.1: Register for car request service 
The Driver and its Vehicle register to be able to use the service. 
 

SCENARIOS 

 

  Basic Path.  Basic Path  

To request the Vehicle, the Driver registers the Cehicle and his personal device to the 
SP_CarRequestService, which handles authorization of the service usage and the request authorization. 

 
1. Driver and Vehicle register at SP_CarRequestService. 

Uses: ς  

2. SP_CarRequestService receives registration. 

Uses: ς  

3. SP_CarRequestService checks authorization for service usage. 

Uses: ς  

4. SP_CarRequestService sends registration confirmation to App_CarRequestService and Vehicle. 

Uses: ς  

Alternate:  4a.  Not authorized 

5. App_CarRequestService informs Driver about registration confirmation. 

Uses: ς  

6. Use case ends. 

Uses: ς  

 

 

  Alternate.  Not authorized  

 

1. SP_CarRequestService sends registration rejection to App_CarRequestService and Vehicle. 

Uses: ς  

2. App_CarRequestService informs Driver about registration rejection. 

Uses: ς  

3. Use case ends. 

Uses: ς  

 

 

3.3.3.11.3 UC-11.2: Request Vehicle  
This is the process of requesting the Vehicle to a specific position. 
 

SCENARIOS 

 

  Basic Path.  

The Driver requests the vehicle via the App_CarRequestService on his smartphone. The request 
authorization will be done by the SP_CarRequestService. 

 
1. Driver initiates request via App_CarRequestService. 

Uses: ς  

2. App_CarRequestService sends request to the SP_CarRequestService. 

Uses: ς  
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SCENARIOS 

3. SP_CarRequestService checks for authorization for service usage. 

Uses: ς  

4. SP_CarRequestService forwards message to Vehicle to drive to requested position. 

Uses: ς  

Alternate:  4a.  Not authorized to use service 

5. Vehicle checks request for authorization. 

Uses: ς  

6. Vehicle checks for possible route. 

Uses: ς  

Alternate:  6a.  Not authorized to request Vehicle 

7. Vehicle send confirmation to Driver via SP_CarRequestService. 

Uses: ς  

Alternate:  7a.  No possible route found 

8. UC-UC-11.2: Drive automated to the requested position. 

Uses: ς  

9. Use case ends. 

Uses: ς  

 

 

  Alternate.  Not authorized to use service  

 

1. SP_CarRequestService sends service authorization rejection to App_CarRequestService. 

Uses: ς  

2. App_CarRequestService informs Driver about service authorization rejection. 

Uses: ς  

3. Use case ends. 

Uses: ς 

 

 

  Alternate.  Not authorized to request Vehicle  

 

1. Vehicle sends Vehicle authorization rejection to SP_CarRequestService. 

Uses: ς  

2. SP_CarRequestService sends Vehicle authorization rejection to App_CarRequestService. 

Uses: ς  

3. App_CarRequestService informs Driver about Vehicle authorization rejection. 

Uses: ς  

4. Use case ends. 

Uses: ς  

 

 

  Alternate.  No possible route found  

 

1. Vehicle sends information that no possible route was found to SP_CarRequestService. 

Uses: ς  

2. SP_CarRequestService sends information that no possible route was found to 
App_CarRequestService. 

Uses: ς  

3. App_CarRequestService informs Driver about that no possible route was found by the vehicle. 

Uses: ς  

4. Use case ends. 

Uses: ς  
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3.3.3.11.4 UC-11.3: Drive automated to the requested position 
If the request of the Vehicle was authorized, the vehicle starts driving to the requested 
position automatically. 

SCENARIOS 

 

  Basic Path.  

The Vehicle drives automatically to the requested position to pick up the Driver. 

 
1. Vehicle drives automatically to requested position. 

Uses: ς  

Alternate:  1a.  Not possible to drive automated to position 

2. Vehicle parks/holds at requested position. 

Uses: ς  

Alternate:  2a.  Not possible to park/hold at requested position 

3. Use case ends. 

Uses: ς 

 

 

  Exception.  Not authorized  

 

1. Inform Driver about rejection. 

Uses: ς  

2. Post misbehavior. 

Uses: ς  

 

 

  Alternate.  Not possible to drive automated to position  

 

1. Vehicle sends information to SP_CarRequestService about problems driving automatically. 

Uses: ς  

2. SP_CarRequestService send information to App_CarRequestService about problems Vehicle driving 
automated. 

Uses: ς  

3. App_CarRequestService informs Driver about problems Vehicle driving automatically. 

Uses: ς  

4. Use case ends. 

Uses: ς  

 

 

  Alternate.  Not possible to park/hold at requested position  

 

1. Vehicle sends information to SP_CarRequestService about problems parking/holding at requested 
position. 

Uses: ς  

2. SP_CarRequestService send information to App_CarRequestService about the Vehicle not being able to 
park/hold at the requested position. 

Uses: ς  

3. App_CarRequestService informs Driver that the Vehicle is not able to park/hold at the requested 
position. 

Uses: ς  

4. Use case ends. 

Uses: ς  




















































































































































































































































































































































































































































































































































































