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Abstract: This paper proposes use cases for On-board Multiple Sensor Fusion.

5.X
On-board Multiple Sensor Fusion

5.X.1
Description

In autonomous driving scenarios, on-board sensors often use multiple types of sensors to ensure the safety of the entire vehicle, so as to avoid the inaccuracy of one sensor in extreme conditions (such as dense fog or electronic jamming against cameras or radar).Data collected by multiple sensors are transmitted to the network for centralized and intelligent processing.

On-board sensors include: lidar, radar, and camera, etc. A typical car can be installed with six sensors of different types. In order to standardize these data, the sensors need to coordinate the locality and time. And the purpose is to achieve: the same target entity at the same time in the different types of sensors in the same world locality.

There are two specific ways to achieve coordination between sensors:

Way 1: The sensors should firstly be synchronized with one same clock. The data is created by sensor with carrying timestamp, and the processor at the receiving side performs data integration. The processor finds the data packets from different sensors, closest to a certain timestamp and treats these packets together. For example, at the time T1, Sensor1 generates a data. If synchronous data processing is required, the data of Sensor 2 at the corresponding time should be found. The actual way of searching data packets is to find the sensor packet with the closest time difference to Sensor 1.This requires the dislocation of packets between multiple sensors to be within a certain range, otherwise the corresponding timestamp cannot be successfully found.

Way 2: When Sensor1 starts to rotate to a typical position or arrive at a typical place, Sensor1 will issue instructions for Sensor2 to start working to improve the data alignment.
5.X.2
Pre-conditions

The vehicle is equipped with two sensors, a lidar and a camera. Both the lidar and the camera's internal clocks are synchronized with the same external clock.

5.X.3
Service Flows

The on-board lidar starts to work.

If Way 1 is adopted, the data packets collected by the lidar will be stamped with their own time stamps and transmitted to the receiving processor through the 5G network.

Then at a certain moment, the on-board camera starts to work, and the data packet is time-stamped with the camera itself clock and transmitted to the same receiving processor through the 5G network. The 5G network should have the capability to identify the two streams with time correlation feature. Therefore, 5G network can coordinate the transmission delay of the two stream packets by identifying the time stamp, so that the packets under the same or similar time stamp of the two service streams can reach the processor at the same or similar time. The processor begins processing the data packets sent by the two sensors.

If Way 2 is adopted, the data packets collected by the lidar will be stamped with their own time stamps and transmitted to the receiving processor through the 5G network. When the lidar turns to a specific angle or arrives at a specific place, it will send a specific indication to the vehicle camera through the 5G network, so as to trigger the vehicle camera to start working and collect information at a specific angle, which will be transmitted to the same processor through the 5G network.5G network needs to ensure that the collaborative indication information can be transmitted to the camera with a low latency, such as less than 1/2 of the transmission time period of the lidar sensor packet.

5.X.4
Post-conditions

The processor starts processing the messages sent by the two sensors. The above two synchronous triggering ways are adopted and for way1,the packet should be alignment in 5G network, and for way 2, trigger alignment. So that the processor can accurately identify the packets under a timestamp or a closet timestamp and conduct unified processing.

5.X.5
Existing features partly or fully covering the use case functionality

None
5.X.6
Potential New Requirements needed to support the use case

 [PR 5.X.6-X] 5G system shall be able to coordinate the data packets transmission from different UEs, to support the receiving servers can accept multiple data packets within an certain period.

[PR 5.X.6-X] 5G system shall be able to identify the specific control indication within streams, and guarantee the indication packet can be transmitted within certain QoS(e.g. to guarantee delay) which is different from the original data streams’ QoS profile.
- Use Case template ----------
