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This paper introduces a new use case pertaining to the vertical “Factories of the Future” to be added to TR 22.804. 
Acknowledgment

The following entities contributed to this document:
· Bosch Rexroth AG
· Götting KG
· ifak e.V. Magdeburg
· Hirschmann Automation and Control GmbH
· Phoenix Contact Electronics GmbH
· Endress + Hauser Process Solutions AG
· Festo AG & Co. KG
· Pepperl+Fuchs GmbH
Proposal
------------------------------------- START OF PROPOSED CHANGES -------------------------------------

Start of Change 1

5.X.7
Mobile Robots
5.X.7.1
Description

Mobile robots and mobile platforms, such as automated guided vehicles (AGV), have numerous applications in industrial and intralogistics environments and will play an increasingly important role in the Factory of the Future. A mobile robot essentially is a programmable machine able to execute multiple operations, following programmed paths to fulfil a large variety of tasks. This means, a mobile robot is able to perform activities like assistance in work steps and transport of goods, materials and other objects and can have a large mobility within the industrial environment. Mobile robot systems are characterised by a maximum flexibility in mobility relative to the environment, with a certain level of autonomy and a perception ability, i.e., they can sense and react with their environment. AGVs are a sub-group of mobile robots. AGVs are automatically steered and are driverless vehicles used to move materials efficiently in a restricted facility. Mobile robots and AGVs are monitored and controlled from a guidance control system. Radio controlled guidance control is necessary to get an up-to-date process information to avoid collisions between mobile robots, to assign driving jobs to the mobile robots and manage the traffic of mobile robots. The mobile robots are track-guided by the infrastructure with markers or wires in the floor or guided by own surround sensors, like cameras or laser scanners, for instance. 
Mobile robot systems are sophisticated machines that represent a complete material handling solution and which are installed in numerous industries with a wide range of applications and environments. A detailed overview of the state of the art of AGV systems with modern areas of applications, AGV categories and AGV technologies is given in [x1]. 
The key aspects of mobile robots and AGV systems include:

· processes for handling goods and materials, especially incoming and outgoing goods, in warehousing and commissioning, in transportation as well as transfer and provision of goods;

· followed by information flows, namely the communication of inventory and movement reports, the outstanding order situation, throughput times and availability forecasts, presenting data to support tracking, monitoring and if needed to make decisions on measures to be taken, as well as the selection and implementation of means of data transfer;

· the use of means of transportation (cranes, lifters, conveyors, industrial trucks, etc.), as well as monitoring and control elements (sensory and actuating equipment);

· and finally the use of techniques (for active/passive security, data management, goods and wares recognition/identification, image processing, goods transfer, namely provision, sorting commissioning, palletizing, packaging).

Mobile robot systems can be divided in operation in indoor, outdoor and both indoor and outdoor areas. These environmental conditions have an impact on the requirements of the communication system, e.g. the handover process, to guarantee the required cycle times. Some examples are given in Table 5.X.7-1.
Table 5.X.7-1: Overview of different operational areas including 
corresponding examples for mobile robots / AGVs.

	Environment
	Indoor
	Outdoor
	Indoor and outdoor

	Area of operation
	Several meters up to several hundreds of meters, possibly divided in different factory buildings.
	Several meters up to several kilometres in container terminals or in open pit mines.
	Combination of both, factory buildings and open areas, as described at the indoor and outdoor areas of operation

	Examples
	•
Light load - transport with work-in process movement of goods

•
Unit load vehicles (e.g. car body) movement with work-in-process in a production and decoupled operating times as an advantage over conveyor belts 

•
Pallet trucks
	· Unit load vehicles for container transport in automated ports

· Mining trucks

· Combinations of vehicles for platooning and convoy

· Heavy-load transport crosses the outside area
	· Towing vehicles that operate between stock and production

· Cow/animal feeding robots on farms

· Automated fork lifters for use in truck loading 


5.X.7.2
Preconditions

All mobile robots and the guidance control system are switched on and connected to the 5G network. The communication between the guidance control system and mobile robots has been successfully set up and is running.
5.X.7.3
Service flows

In the following, we distinguish three different cases, depending on who is communicating with whom:
(a) Communication between mobile robot and guidance control system
A number of mobile robots (up to 100, with a potential enrolment of up to 1000) are commonly in use, always guided by a guidance control system. The mostly centralised guidance control system communicates bidirectional with each mobile robot. In this respect, the following data is typically exchanged:
· Communication direction from guidance control system to mobile robot:

· Process data for control and management of mobile robots

· Emergency stop
· Communication direction from mobile robot to guidance control system:

· Process data  (control and management data)

· Video or image data 

(b) Communication between mobile robots

The mobile robots can exchange real-time control data with each other and provide a collision-free operation of autonomous mobile robots and synchronized actions between multiple mobile robots. For this purpose, the mobile robots exchange real-time control data.

(c) Communication between mobile robots and peripheral facilities 

The mobile robots communicate with the peripheral facilities.  For example, mobile robots are able to open and close doors or gates. For this purpose, the mobile robots transmit the control data to the door or gate control. Furthermore, mobile robots can be working together with fixed installations like cranes or manufacturing machines. To this end, the mobile robots exchange real-time control data with cranes or manufacturing machines.

5.X.7.4
Post-conditions

Mobile robots and AGVs can be controlled in a safe way while satisfying the requirements. 
5.X.7.5
Challenges to the 5G system
Special challenges to the 5G system associated with this use case include the following aspects:
· Very high requirements on latency, communication service availability, and determinism.
· Very high requirements on clock synchronicity between different mobile robots.
· Simultaneous transmission of non-real time data, real-time streaming data (video) and highly-critical, real-time control data with highest requirements in terms of latency and communication service availability over the same link and to the same mobile robot.
· Potentially high density of mobile robots 
· Good 5G coverage in indoor (from basement to roof), outdoor (plant/factory wide) and indoor/ outdoor environment is needed due to mobility of the robots. 
· Seamless mobility support such that there is no impairment of the application in case of handovers from one cell to another. 
5.X.7.6
Potential requirements

	Reference Number
	Requirement text
	Application / Transport
	Comments

	Factories of the Future 7.1
	The 5G system shall support a cyclic data communication service, characterised by at least the following parameters:

· Cycle time of 
· 1 ms for  precise cooperative robotic motion control
· 1 to 10 ms for machine control 
· 10 to 50 ms for cooperative driving
· 10 to 100 ms for video operated remote control
· 100 to 500 ms for standard mobile robot operation and traffic management
· Jitter < 50% of cycle time

· Data packet size 40–250 bytes

· Communication service availability > 99,9999%
· Max. number of mobile robots: 100
	T
	

	Factories of the Future 7.2
	For certain applications, the 5G system shall support real-time streaming data transmission (video data) from each mobile robot to the guidance control system by at least the following parameter:

· Data transmission rate per mobile robot: > 10 Mbit/s

· Number of mobile robots: 100 
	T
	

	Factories of the Future 7.3
	The 5G system shall support seamless mobility such that there is no impairment of the application in case of handovers from one cell to another. 
	T
	

	Factories of the Future 7.4
	The 5G system shall support user equipment velocities of up to 30 km/h.
	T
	

	Factories of the Future 7.5
	The 5G system shall support uniform and unequivocal parameters for interfaces to allow dependability monitoring (see Subclause 4.3.4). 
	T
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