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Characteristic parameters for the calculation of the required communication capacity in a flexible, modular production area 
This Annex provides a quantity structure for calculating the required communication capacity in a flexible, modular production area. The characteristic parameters were inferred from production areas in car manufacturing. The particular lifecycle phase addressed is engineering and commissioning of a flexible, modular production area. Based on Table E-1 and E-2, a rough estimate of required wireless resources can be inferred. This calculation is contingent on the layout of the respective production hall (fixed assets, obstructions…). The areas in the production hall are divided into operation areas (e.g., assembly stations) and logistic areas. Some of these areas may overlap. The horizontal hall dimension of a car production, for instance, is typically 400 m x 250 m and less. The hall is typically divided in a process area and a two times smaller logistic area. This description is generic and independent of the communication technology used.
Table E-1: Characteristic parameters for assembly devices in a modular, flexible production area in car manufacturing
	Type of assembly device and activity
	Characteristic parameters
	Maximum # of active devices per 10 m x 10 m
	Maximum # active devices in a LOS space (note 1)

	Monorail, e.g., flexible rail-mounted shuttle system for logistic support
[image: ]
	Jitter: see requirement Factories of the Future 6.4.
During movement: 
- cycle time 10 ms to 100 ms;
- message size 256 kbyte.
	2
	50

	Logistic devices, e.g., AGVs, root trains, mobile robots
[image: ]  [image: ]
[image: ] 
	Jitter: see Clause 5.3.7.6.
During movement: 
- cycle time 40 ms to 500 ms;
- message size 256 kbyte.
Operation, i.e., during a stop at an assembly area: event-driven non-deterministic communication (messages related to order management, asset communication, status information exchange, etc.)
User-experienced data rate 15 kbit/s (note 2).

	4
	450

	Logistic devices: mobile robots for logistic support (autonomous navigation)
[image: ]
	Jitter: see Clause 5.3.7.6.
During movement:
- cycle time 40 ms to 500 ms;
- message size 256 kbyte.
Operation, i.e., assembly on location: interactions with other assets (e.g., loading or off-loading goods).
- Periodic traffic:
 - cycle time 1 ms to 50 ms; 
 - message size < 256 kbyte.
- The user-experienced data rate for a-periodic traffic (event-driven non-deterministic messages, e.g., information for order management, asset communication, status info exchange, etc.) is 15 kbit/s (note 2)
	4
	100

	Process devices: mobile robots for assembly (autonomous navigation) 

[image: ]  [image: ]
	Jitter: see Clause 5.3.7.6.
During movement:
- cycle time 40 ms to 500 ms;
- message size 256 kbyte.
Operation, i.e., assembly on location (cooperative interactions with fixed and mobile assets):
- cycle time 1 ms to 10 ms;
- message size < 256 kbyte.
	4
	80

	Process devices: tool localisation and communication 
[image: ]
	During assembly:
- localisation of tool;
 - time to first fix < 1 s;
 - update time of position: 100 ms;
 - position accuracy better than 1 m.
- Communication of status and quality data (e.g., torque curve + other information needed for screw coupling): user-experienced data rate up to 30 kbit/s. Inactive periods:
- cycle time: 60 s;
- message size: 200 byte.
	
	4
	500

	Process devices: augmented video assistance (VR, tablets, Screens) and video support        
[image: ]   [image: ]
	Jitter: for augmented video assistance see Clause 5.3.10.6 and for video support Clause 5.3.9.6.
Augmented VR
Cooperative interactions with fixed and mobile assets: 
- cycle time 17 ms;
- picture size (compressed): 
 - 840 kbit upstream (3x8 b; width 1080 pixels; 60fps);
 - 370 kbit upstream (3x8 b; width 720pixels; 60fps). 
Video augmented overlay:
DL end-to-end latency < 10 ms

Video support:
12 Mbit/s to 50 Mbit/s (1080p, H.265).
	5
	350 (note 3)

	IT communication: firmware download to the MPSC and of, e.g., log files to field devices (PLCs, embedded controller)
[image: ] [image: ] 
	Non-deterministic aperiodic communication; peak aggregated user-experienced data rates for file transfers: at least 10 Gbit/s within an area of 500 m2.

	3
	20

	VoIP
    [image: ]
	VoIP streams according to G.711 over the whole area.
	5
	300

	NOTE 1: Active devices in a line-of-sight (LOS) space, i.e., # of devices in a space with obstructions but without walls that block the propagation. Devices that are not synchronised with each other can give rise to user-plane data bursts in the 5G system. 
NOTE 2: The response time needs to be 100 ms. The implication for the end-to-end latency has to be inferred for individual deployments. 
NOTE 3: 15% of all devices use event-driven video support.



Table E-2: Characteristic parameters for a combination of logistics and process devices in a modular, flexible production area. 
	Type of activity
	Devices as per Table E-1
	Maximum # of active devices per 10 m x 10 m

	Collaborating humans and devices in one assembly cells during start-up of production (10 m x 10 m size)
[image: ] [image: ]
[image: ] [image: ] [image: ]

	AGV car body platform; 
autonomous AGVs for material transport; free navigation;
mobile collaborating logistic & assembly robot;
video real-time assistance system;
augmented-reality 
VoIP streams G.711 (situation-depending).
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