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 Start of Change 1 


A.2.2.5
Cooperative carrying
In a smart factory, large or heavy work pieces will be carried from one place to another by multiple mobile robots or AGVs. These mobile robots / AGVs need to work together in order to carry the large or heavy work piece safely. This cooperation is achieved with a cyber-physical control application that controls the drives and movements of the mobile robots / AGVs in a coordinated way, so that large or heavy work pieces are carried smoothly and safely from one place to another (see Figure 5.11.1-1).
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Figure A.2.2.5-1: Mobile robots / AGVs carrying a large work piece cooperatively

The communication between the collaborating mobile robots / AGVs requires high communication service availability and ultra-low latency. The exchange of control commands and control feedback is done with periodic deterministic communication and using time-sensitive networking.

There are two distinct use case variants of cooperative carrying: (1) carrying of rigid or fragile work pieces that require very precise coordination between the collaborating mobile robots, and (2) carrying of more flexible or elastic work pieces that allow some tolerance in the coordinated movements of the collaborative mobile robots. The higher tolerance in the coordinated movements allows for either faster movement of the work piece or longer transfer intervals (tradeoff between UE speed and transfer interval).
Table A.2.2.5-1: Service performance requirements for cooperative carrying
	Use case #
	Characteristic parameter
	Influence quantity

	
	Communication service availability: target value in %
	Communication service reliability: mean time between failures
	End-to-end latency: maximum
	Service bitrate: user experienced data rate
	Message size [byte]
	Transfer interval: target value
(note 1)
	Survival time
(note 1)
	UE 
speed
	# of UEs
	Service area
(note 2)

	1
	99,999 9 to 99,999 999
	~ 10 years
	< 0,5 x transfer interval
	2,5 Mbit/s
	250;
500 with localisation information
	> 5 ms

> 2,5 ms

> 1,7 ms
	0

transfer interval

2 x transfer interval
	≤6 km/h
	2 to 8
	10 m x 10 m x 5 m;
50 m x 5 m x 5 m

	2
	99,999 9 to 99,999 999
	~ 10 years
	< 0,5 x transfer interval
	2,5 Mbit/s
	250;
500 with localisation information
	> 5 ms
> 2,5 ms
> 1,7 ms
	0

transfer interval

2 x transfer interval
	≤12 km/h
	2 to 8
	10 m x 10 m x 5 m;
50 m x 5 m x 5 m

	NOTE 1:
The first value is the application requirement, the other values are the requirement with multiple transmission of the same information (two or three times respectively).

NOTE 2:
Service Area for direct communication between UEs (length x width x height). The group of UEs with direct communication might move throughout the whole factory site (up to several km²)


Use case one

Periodic deterministic communication for cooperative carrying of fragile work pieces (UE to UE / ProSe communication).

Use case two

Periodic deterministic communication for cooperative carrying of elastic work pieces (UE to UE / ProSe communication).


 End of Change 1 



END OF PROPOSED CHANGES


