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1 Use Case on Automated Valet Parking 

1.1 Description

1 The concept of Valet Parking is widely used all over the world; for example, the more  luxurious hotels and restaurants, stores and other businesses. 
2 Once a customer arrives with his/her vehicle at the hotel, he/she gets out of the vehicle and hands over the car-keys to the hotel personnel, which will then drive the vehicle to its parking spot, relieving the customer from that task. In the meantime, the owner of the vehicle can e.g. check-in or attend a meeting. Likewise, the vehicle is returned by the hotel personnel upon the request of the relevant customer. Utilising the technology evolution of self-driving vehicles, it logical next step to also automate the valet parking concept, further referred to as Autonomous Valet Parking, or AVP.

3 By deploying this use case several stakeholder types can participate and profit from its value chain, such as: Autonomous Valet Parking application provider, IoT Devices manufacturer, Communication Network supplier/provider/operator and IoT platform provider.

4 In this use case, IoT plays an important role being applied to improve the operation of an autonomous driving vehicle when used in Valet Parking scenarios. 
5 In AVP (see Figure 1), the autonomous vehicle will park itself after the driver has left the car (step 1) at a drop-off point, which may be located near the entrance of a parking lot. The autonomous vehicle will find an available parking spot (step 2) and drive and park itself (step 3). When the driver wants to leave the site, he/she will simply request from the autonomous vehicle to return by itself (step 4) to the collect point, using (for example) a smartphone app. 
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7 Figure 1: Automated Valet Parking Sequence.

8 To navigate safely around the parking lot to its destination, the automated vehicle uses driving functions based on knowledge about the environment around the vehicle. An example would be a navigation functionality based on a digital map, positions of the automated vehicle and vacant parking spots. The vehicle can use its own functions and sensors to observe immediate environment, but it can also benefit from gathering additional data going beyond what its sensor can observe – like accessing IoT platforms which can provide data and functions based on IoT enabled sensors like parking cameras, as well as position info from other vehicles driving (or being parked) at parking. Furthermore, IoT platforms may provide information to support services for booking a parking place and arranging (automated) payment.
One of main challenges when using IoT data as additional source is that we need a suitable common architecture of sharing information between different (vehicle, garage equipment, …) sensor systems, such that any vehicle can park itself in any parking garage. So that for cases in which the parking lot is equipped with an extended set of sensors, more and accurate information can be shared with the AVP-vehicle, such it can perform its task better (with shorter time to park, less fuel consumed), compared to parking lots that lack additional sensors.

1.2 Source

REQ-2018-0012-Use_case_on_Automated_Valet_Parking.

1.3 Actors

Vehicle owner / driver / passenger in the vehicle
Profits from the AVP service by decreasing the required time to park the vehicle and at the same time increasing the probability of finding a free slot in the parking area and decreasing the probability of vehicle accidents in the parking area. 

IoT platform provider

It operates an IoT platform which is collecting data from vehicles, parking spots, 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.
Autonomous Valet Parking application provider

Party that is providing Automated Valet Parking application (AVP App) which runs on AS (Application Servers). AVP App connects to the IoT platform, and from there it collects relevant data needed to run an ADApp - for example LDM (Local Dynamic Map).

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
Manufacturer provides 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 vehicle supports autonomous driving - meaning it is capable of autonomously driving, also transmitting and receiving data from other vehicles, road and other infrastructure, other participants in traffic (pedestrians, cyclists). 
1.5 Triggers

AVP function (sending vehicle to park itself, as well as calling it back to pick up point) is activated by vehicle driver. 

1.6 Normal Flow 

1) The vehicle continuously collects data from own sensors and sends them to the IoT platform. The transmitted  data includes information from internal state of the vehicle (ABS status, brake switch, accelerator pedal switch, etc.) as well as data on observed surroundings of the vehicle (radar, LIDAR, cameras, etc.).

2) Road infrastructure (roads, traffic lights, cameras, etc.) continuously collects data from its sensors and sends it to the IoT platform. Examples include events when vehicles runs on top of sensors in road, state of traffic lights, detected vehicles driving (observed by cameras),…
3) Devices belonging to other participants in traffic (pedestrians, cyclists, etc.) continuously collect data from its sensors (position, accelerometers, …) and send it to the IoT platform.

4) The IoT platform hosts the collected data from abovementioned sources, and upon request it will send it to AS (Application Server) where Automated Valet Parking application (AVP App) is running. AVP App is subscribed to the IoT data from all participants in traffic in area of parking garage / terrain and immediate surrounding. 

5) Processed information from AVPApp is sent back to IoT platform, and is made available to all ADApp subscribed participants in traffic.

6) Each participant in traffic is responsible for interpretation and action based on received ADApp data.

1.7 Alternative Flow

None.

1.8 Post-conditions

Vehicle stays in autonomous driving mode until removed from it by driver.
1.9 High Level Illustration
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Figure 1: Example of IoT data streams and corresponding communication networks
1.10 Potential Requirements

TBD
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