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1 Use Case on Highway pilot 

1.1 Description

It is expected that autonomous driving will radically reshape transport networks around the world by reducing congestion, fatalities and fuel consumption, and improving other driving conditions, in particular on highway environments. Moreover, it is expected that autonomous driving in highway environments will reduce costs in the line-haul trucking industry by (up to) 40%;

The Highway Pilot function automates highway driving, meaning that steering and speed adjustments are executed by the automated driving system. As the name of the function already implies, the Highway Pilot is intended for use on Highways only. The added-value of this function is its ability to enhance drivers’ and automated vehicles’ awareness on potential road hazards on route and to assist them to adapt their driving accordingly. 
In order to react in time to obstacles or damaged road surface, vehicles need to have information on those. Vehicle can subscribe to that information, which must be available on IoT platform.
If the information on obstacles or damaged road surface is not available and vehicle still detects an obstacle – for example pothole, vehicle will then send information on the location of detected obstacle and type (pothole) to IoT platform. To avoid false positives, it is up to application (AE) to determine how to handle collected data, and when to make it available to other vehicles that are subscribed to this information.
Road hazards may refer to several events and situations:

· emergency braking vehicles / slow vehicles

· stationary vehicles (breakdowns or accidents)

· fast approaching emergency vehicles

· traffic jams and queues

· road works / route modifications

· nearby presence of bicycles or pedestrians

· fallen objects (from vehicle, trees)

· road defects (potholes, bumps, cracks, gravel)

· weather related road changes (puddles, ice)

· etc.

Receiving anticipated warning information about such events is useful on all types of road environments, including a highway context; where vehicles move at high-speed require shortened reaction time. 
Furthermore, anticipated warning information also benefits all modes of driving:

· In Manual Driving mode, thanks to experience, drivers learn to handle hazardous situations. However, a sudden action from a driver when avoiding obstacle on the road (ex: trajectory change, quick deceleration) may become another hazard for others.

· In Assisted Driving mode, which is more and more used on Highway roads, drivers considerably relax their attention on the road, hence increasing their response time when a hazard occurs, which can lead to collision with obstacle, trajectory change or quick deceleration which may become hazard for others.
· In Automated Driving mode, passengers depend on the detection of the vehicle’s own sensors. The hazard must enter the sensors perception range and be identified as such before the vehicle reacts. If the hazard is hidden around the corner, the reaction may be abrupt. For passengers’ comfort and acceptance of AD functions, it is a priority that AD driving is as smooth as possible.

Finally, not all hazards will trigger pre-emptive actions from drivers and vehicles. For example, near missed potholes and slippery surfaces may go unnoticed and be noticed too late.

1.2 Source

REQ-2018-0014-Use_case_Highway_Pilot .

1.3 Actors

Vehicle owner / driver / passenger in the vehicle
Profits from the Highway Pilot service by decreasing probability of vehicle damage/accidents in the highway environment and increasing safety due to timely taking into account state of the roads and their surface, thereby avoiding creating hazardous situations for itself and other participants.
IoT platform provider

It operates an IoT platform which is collecting data from vehicles and other sources (as for example roadside cameras). Data on obstacles or damaged road surface is provided to vehicles that are subscribed to it.
Highway Pilot Service (HPS) provider

Party that is providing Highway Pilot Service (HPS) which is collecting, processing and publishing data on detected road obstacles or damaged road surface which is coming from vehicles and other sources. 
Communication Network provider

Provides connectivity between vehicles, roads and associated traffic infrastructure, provides connectivity to IoT nodes as well as to application servers where services run. It is not expected or mandated that single network operator provides all of connectivity.
1.4 Pre-conditions

The vehicle has sensors to detect obstacles or road surface damages, and has communication interfaces to send collected data to IoT platform.
1.5 Triggers

Highway pilot is activated automatically, when vehicle is driving on the highway, which can be determined in different ways (for example location on the map or by speed of the vehicle). 
1.6 Normal Flow 

1.) Vehicle detects that it is on the highway, and starts collecting data on obstacles on the road and damage (potholes, cracks) on the road surface. This information is sent to the IoT platform.
2.) Highway Pilot Service (HPS) is subscribed to data on obstacles on the road and damage (potholes, cracks) on the road surface, and based on HPS provider defined processing and criteria it will publish to IoT platform data on detected obstacle or road surface damage that includes location of detected obstacle, and type of obstacle (crack in road surface, or patch of ice on road). 
Published data includes at least vehicle ID, state of vehicle (speed, heading, …), time of detection, location of detection, type and values of sensors that have detected obstacle.

To give an example, if a vehicle’s wheel drive across patch of ice, it can be detected by vehicle’s ABS sensors, and that information is sent to IoT platform. Possible criterion for HPS can be that for example 3 vehicles report the patch of ice on the same location, HPS will then publish that information so other (subscribed) vehicles can adjust their driving accordingly. Note that each (subscribed) vehicle is responsible for interpretation of provided IoT Highway Pilot Service data and action based on it.

1.6.1 Example of data published by vehicle on detected obstacle 

Here we present example of data (name-type-value) that can be used.
	Obstacle detection
	Description

	+ messageID: uint8
	Unique message ID, as defined in ETSI EN 302 637

	+ stationID: uint32
	Unique station (vehicle) ID as defined in ETSI EN 302 637

	+ generationTimestampUTC: uint64
	The elapsed time since midnight January 1st 1970 UTC in miliseconds. (with leap seconds)

	+ stationType: (1..225) int
	Type of vehicle, defined in ETSI EN 302 637, for example ‘truck’, ‘car’, …

	+ latitude: WGS84 double
	defined in ETSI EN 302 637_2

	+ longitude: WGS84 double
	defined in ETSI EN 302 637_2

	+ heading: WGS84 (0..360) 
	defined in ETSI EN 302 637_2

	+ speed: (0..163) m/s
	defined in ETSI EN 302 637_2

	+ sensorID: uint8
	as defined in ETSI EN 302 637

	+ sensorType: string
	Sensor type, for example ‘camera’, ‘LIDAR’,…

	+ sensorValue: double
	Value measured by sensor


1.7 Alternative Flow

None.

1.8 Post-conditions

Vehicle stays in highway pilot mode until it leaves highway, which can be determined for example by vehicle’s location.
1.9 High Level Illustration
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Figure 1: Example of IoT data streams and corresponding communication networks
1.10 Potential Requirements

1) The oneM2M system shall support the the Highway Pilot data (for example road surface state, detected obstacles, …..) exchange between the vehicle and oneM2M platform.
2) The oneM2M system shall support a common information model for Highway Pilot including vehicle state, detected obstacles, road conditions. 

3) The oneM2M system should support a profile for Highway Pilot with a consistent information model based on existing information models (e.g. ETSI ITS, DATEX and Sensoris).
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