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Abstract: Use Case on VRU Road Safety via VRU to Vehicle communication. Vehicles are notified via VRU to Vehicle communication on the presence of Vulnerable Road Users. Vehicle can use this information, together with information from other in-vehicle sensors (radar, camera) to predict the track of a VRU and - if relevant - avoid or mitigate a collision via a driver warning or automated intervention. This contribution is based on work in the EU FP7 project VRUITS.   
***** BEGIN 1st CHANGE *****

3.2  Definitions

Vulnerable Road User (VRU): VRUs are classified as 
· pedestrians, 
· 
· 
· 
· cyclists or 
· 
· 
· Powered Two Wheelers (PTWs)

· 
· 
· 
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***** BEGIN 3rd CHANGE *****

5. Use Case V2P: VRU Road Safety via V2P awareness messages
5.X.1 Description

A VRU carries a UE, which is able to transmit and receive awareness and safety related V2X broadcast messages. There are two possible approaches. 

· Approach 1: The VRU UE performs risk assessment. (see use case 5.18 Vulnerable Road User (VRU) Safety). The VRU UE sends a notification message with position and speed to the vehicle in case of danger. 

· Approach 2: The VRU UE broadcasts itself awareness messages regarding location and speed. Risk assessment is performed by the Vehicle UE.   This approach is described in this Use Case.
The VRU UE broadcasts periodically awareness messages with position, speed and heading information. The messages are received by Vehicle UEs, which perform collision risk assessment and warn the vehicle driver and the VRU in case of potential collisions. Example traffic scenarios are e.g.: 

· a pedestrian with a UE:

· Vehicle and pedestrian are on a collision course with each other, e.g. the VRU is approaching from behind the corner of a building, or entering the road from behind a parked vehicle.

· Pedestrian is walking on the side of a badly illuminated road.

· a bicycle or a moped has a UE, composed of an on-board unit which takes care of the communication and a smartphone UI for displaying the warnings.

· Cyclist is on collision course with the vehicle, e.g. approaching from a cycle lane crossing the road.

· Cyclist is overtaking a slow moving or standstill vehicle and is in the left blind spot of the vehicle. This includes also the case that the driver opens the door of the vehicle with the bicycle approaching.

· Vehicle is turning into the path of the cyclist  or moped (cyclist is in the right blind spot of the Car)

· motorcycle

· Vehicle and motorcycle are on collision course at an intersection. The driver does not notice the motorcycle.

· Motorcycle is overtaking a vehicle. The vehicle performs a lane change without noticing the approaching motorcycle.  

5.X.2 Pre-conditions 

· VRU UE and vehicle UE support V2X Services 

· Both VRU UE and vehicle UE broadcast periodically awareness messages.

· Vehicle UE and VRU UE are in proximity i.e. within each other’s V2X communication range

· VRU UE comes within a critical range of the vehicle UE trajectory.

· Vehicle UE performs collision risk assessment with use of received awareness messages 

· Vehicle can send collision risk warnings messages to other vehicles and VRUs.

5.X1.3 Service Flows

1. The VRU UE periodically broadcasts awareness messages, indicating its current position, speed and heading.

2. The vehicle UE builds a dynamic map with the location of the other road users

3. The risk assessment at the vehicle UE detects a potential collision risk 

4. At a potential collision risk, the vehicle UE warns the driver. In parallel, a collision risk warning message might be sent by the vehicle UE to the VRU UE. 

5.X.4 Post-conditions

Vehicle driver and VRU are alerted of a potential collision, and take appropriate action to avoid or mitigate a collision.

5.X.5 Potential Requirements




[PR5.X.5-001] The VRU UE supporting V2X Services shall be able to transmit and receive periodic broadcast messages.

[PR5.X.5-002] The VRU UE supporting V2X Services shall be able to transmit and receive V2X warnings.

[PR5.X.5-003] The vehicle UE shall be able to receive messages within a range corresponding to a time-to-collision of 4 seconds. 



[PR5.X.5-004] The broadcast frequency of the VRU UE shall be high enough to make a high quality risk assessment for the vehicle UE. 
[PR5.X.5-005] The broadcast frequency of the UE can be dependent on the change in the status (position, speed, acceleration). The required broadcast frequency of pedestrians will hence be smaller than for moving vehicles. 


[PR5.X.5-006] The V2X service shall support communication between UEs at the relative maximum velocity according to the context of the UEs (e.g. for motorcycle-vehicle communications up to 280 km/h, for pedestrian applications up to 160 km/h).

[PR5.X.5-007] The V2X service shall support user/vehicle anonymity and integrity protection of the transmission.



[PR5.X.5-008] The VRU UE power consumption should be minimized
***** END 3rd CHANGE *****

� Based on “National Cooperative Highway Research Program (1997). � HYPERLINK "http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_400.pdf" �NCHRP Report 400: Determination of Stopping Sight Distances�”, and http://en.wikipedia.org/wiki/Stopping_sight_distance: in this work driver perception time+ reaction time: 1.5sec + 1sec; braking -3.4m/s2. As the perception time is covered by the warning over radio, this can be reduced; reaction times used for drivers vary in literature between 1-1.5 seconds, 1.5 seconds is used here


� Assuming 4m/s2 deceleration for cyclists, and speeds of 15-25 km/h.





