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1 Use Case on Car sharing service 

1.1 Description

1 The driverless car rebalancing service is targeted to offer rebalancing of several Autonomous Driving (AD) vehicles distributed over several pickup points within a car sharing concept. The AD vehicles will be able to drive automatically (speed limit of 10 km/h) between dedicated pick up points on specific areas such as an University campuses, using pre-defined and 3D-mapped tracks and IoT data to improve its world model. The scenario associated with this use case comprises areas, such as University campuses, where no lane markings, no traffic signs, no pedestrian crossings, no RSUs and no traffic lights are used and where aside from the multiple vehicles, there are several pedestrians and cyclists moving into the campus. This creates a challenging urban environment for Automated Driving vehicles.
2 The concept of IoT is used to connect probabilistic & historical data not available yet in AD vehicles for Urban Driving using different sources to improve the world model of an AD vehicle:
· Use campus lecture schedule data to adapt probabilistic models in the AD vehicle’s World Model. Statistically predict the probability of large amount of VRUs on the roads. And so, decide when to drive and when better not to do so or adapt dynamically the vehicles driving behaviour.
· People tracking through a phone app. The app acts as position sensor and this position data facilitates data-association and tracking for improving the AD vehicle’s World Model

· Get actual weather and daylight information from internet. Reconfigure sensors to better perform under various weather and daylight conditions.

3 The key benefits of the car rebalancing use case are:
· Increase Safety: by decreasing time to detect and avoid collisions with VRUs 

· Increase availability of vehicles in real time, i.e., min. response time between request and delivery

· Increase utilization of parking spaces

· Decrease the errors (false/negative events) in obstacle detection

· Increase routing prediction, i.e., less rerouting, due to better prediction of blocked routes due to VRU detection

· Increase localization accuracy, by using among others localisation provided by IoT enabled Smartphone apps

· Increase dynamical obstacle motion accuracy 
· Improve prediction of demand for requested vehicles

1.2 Source

REQ-2018-0016-Use_case_Car_Rebalancing .

1.3 Actors

Vehicle owner / driver / passenger in the vehicle
The car rebalancing service provides several benefits to the vehicle owners/drivers/passengers, such as: (1) increase safety, by decreasing time to detect and avoid collisions with VRUs, (2) Increase availability of vehicles in real time, i.e., min. response time between request and delivery, (3) Decrease the errors (false/negative events) in obstacle detection, (4) Increase routing prediction, i.e., less rerouting, due to better prediction of blocked routes due to VRU detection.

IoT platform provider

It operates an IoT platform which is collecting data from vehicles, roads, other participants in traffic present, and from surrounding associated infrastructure (traffic lights, cameras, etc.). Necessary information/data is provided to any devices that are subscribed to the IoT platform.
Car rebalancing service provider

Provides the car rebalancing service. The car rebalancing service collects information on the available vehicles on each known pickup points. If rebalancing is needed (i.e., vehicles need to be redistributed) then it will make use of routing and motion planning function, to lead the vehicles to the selected pickup points/parking. The AD vehicle moves, using a routing and motion planning function, over the campus to the newly designated pickup point/parking, using both its environmental sensors and information from IoT devices, such as (1) weather information, (2) detecting VRUs using localization provided by IoT enabled Smartphone apps and (3) TU/e lecture course scheduling. 
Communication Network supplier/provider/operator

Supplies and/or provides and facilitates connectivity between vehicles, roads and associated infrastructure. This covers both wireless (for example LTE, LTE-V2X, ITS-G5 and WAVE) and fixed connections. The Network supports receiving requests for data transfers with required latency and with required packet losses. It is not expected or mandated that single network operator provides all of connectivity.
IoT Devices manufacturer
Manufactures IoT devices that are embedded in a vehicles, roads and associated infrastructure, parking garage /terrain, traffic lights, as well as in devices used by other participants in traffic (pedestrians, cyclists). Each IoT device collects and sends data to IoT platform, and can receive data from platform.

1.4 Pre-conditions

The car rebalancing service can obtain vehicle info (current location, destination) and information on the available vehicles on each known pickup points/parkings, and as well the maximum capacity of the known pickup points/parkings 
1.5 Triggers

Car rebalancing service is activated when it is observed that (1) not enough vehicles are available at pickup points/parkings (2) a higher (than a predefined threshold) number of vehicles is parked at a pickup point/parking.

1.6 Normal Flow 
1) Vehicle provides to the IoT platform its current location, destination, number of available places and maybe other conditions (dogs accepted or not, luggage accepted or not, …). 
2) Parking pickup points/parking sends information to the IoT platform on the available vehicles on each known pickup points/parkings

3) Information regarding campus lecture schedule data to adapt probabilistic models in the AD vehicle’s World Model is sent to the IoT platform.
4) Information regarding weather and daylight information is sent to the IoT platform.
5) VRUs: information for pedestrian detection is sent to the IoT platform.
6) The IoT platform hosts the collected data from abovementioned sources, and upon request it will send it to AS (Application Server) where car rebalancing application (Car rebalancing App) is running. Car rebalancing App is subscribed to the IoT data from all participants in traffic in urban area. 
7) The car rebalancing service collects information on the available vehicles on each known pickup points. If rebalancing is needed (i.e., vehicles need to be redistributed) then it will make use of routing and motion planning function, to lead the vehicles to the selected pickup points/parking. Processed information from Car rebalancing App is sent back to IoT platform, and is made available to all Car rebalancing App subscribed participants in traffic.
8) Each participant in traffic is responsible for interpretation and action based on received Car rebalancing App data. In particular, the AD vehicle moves, using a routing and motion planning function, over the campus to the newly designated pickup point/parking, using both its environmental sensors and information from IoT devices, such as (1) weather information, (2) detecting VRUs using localization provided by IoT enabled Smartphone apps and (3) TU/e lecture course scheduling
1.7 Alternative Flow

None.

1.8 Post-conditions

Vehicle stays in car rebalancing mode until the car rebalancing service provider or vehicle owner decide that the vehicle cannot support the car rebalancing service anymore;
1.9 High Level illustration  SHAPE  \* MERGEFORMAT 



Figure 1: Example of IoT data streams and corresponding communication networks
1.10 Potential Requirements
1) The M2M system shall support the the car rebalancing  related data (for example preferred location vehicle) exchange between the vehicle and the platform.
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