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Disclaimer 

The information in this document reflects only the author's views and the European Commission is not liable 
for any use that may be made of the information contained therein. The information in this document is 
provided "as is" without guarantee or warranty of any kind, expressed or implied, including but not limited to 
the fitness of the information for a particular purpose. The user thereof uses the information at his/her sole 
risk and liability. 
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Executive Summary 

Safety of equipment, operator and the environment during robotic operation is paramount. Robotics is 
appearing in more and more industrial applications, while robots and robot systems are evolving fast 
themselves, yet the legislations and standards regarding these topics are lagging. Since RoBUTCHER is a 
pioneer project in employing industrial robots for completely automated slaughtering, there is also no 
particular standard regulating directly this kind of application. The purpose of this document – as the second 
deliverable of T1.2 Safety legislation review – is to provide update of the relevant standards (or other 
documents) that could be used as guidelines for development, towards a foreseen certification process in the 
future. It is understood that numerous current international efforts aim to improve the overall safety of 
robotics devices across application domains and started to develop methods to offer systematic safety 
assessment procedures. Particularly the ones related to collaborative and medical robots could be applicable 
in the agri-food robotics domain.   
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Abbreviations and Acronyms 

CHU Carcass Handling Unit 
MFC Meat Factory Cell 
DIS Draft International Standard 
ERG End-user Reference Group 
IEEE RAS  Institute of Electrical and Electronics Engineers, Robotics and Automation Society 
ISO International Organization for Standardization 
SAG SF Strategic Advisory Group on Smart Farming  
TC Technical Committee 
TR Technical Report 
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1. Introduction 
Industrial robots are programmable multifunctional mechanical devices designed to move material, parts, 
tools, or specialised devices through variable programmed motions to perform a variety of tasks. An industrial 
robot system includes not only industrial robots but also any devices and/or sensors required for the robot to 
perform its tasks as well as sequencing or monitoring communication interfaces. Robots are generally used to 
perform unsafe, hazardous, highly repetitive, and unpleasant tasks. They can have many different functions, 
such as material handling, assembly, arc welding, resistance welding, machine tool load and unload functions, 
painting, spraying, etc.  

 

1.1. Scope 
In the case of the RoBUTCHER project, the planned robot system will basically carry out cutting and 
manipulation tasks supported by RGB-D cameras, AI, Virtual Reality and telemanipulation. However, the 
system will be even more complex from safety and legislation aspects. The robots will handle raw meat 
products intended for human consumption, the risk of contamination is high due to the presence of the guts 
and intestines, and the applied end-effectors are designed for meat and bone cutting and gripping, making 
them highly dangerous for humans too. 

This document is the second deliverable of T1.2 Safety legislation review, the first annual update on the D1.2 
Robotic safety and legislative review, summarizing the progressions and updates of 2021 in this field. In D1.2 
the most relevant general ISO standards (ISO 10218, ISO 20218) and some other important documents 
(Robotics 2020 Multi Annual Roadmap) were identified and analysed, the applicable parts were highlighted 
and the deficiencies – from the RoBUTCHER viewpoint – were specified.  

The conclusion of D1.2 was that there is no then existing standard that would cover this project, since 
RoBUTCHER is a pioneering project in using industrial robots with intelligent tools for raw meat processing. 
The standardization of automated raw meat processing was found to be underdeveloped; thus, the conclusion 
was that following the safety design principles of ISO 10218 (Robots and robotic devices – Safety requirements 
for industrial robots) standards family and applying a maximum safety control principle, a systematic solution 
can be given to the system. However, food-safety and the safety of robots and machines are completely 
separated issues in the current standardisations, thus the two fields should be handled separately. This 
document, as part of T1.2 Safety legislation review discusses robot and machinery safety, while T1.3 Mutual 
trust among stakeholders deals with the food-safety issues of the project. 

 

1.2. Content 
After summarising the relevant standards in the first deliverable of T1.2, this document is focusing on the 
updates from 2021 regarding the mentioned standards and generally the field of robot-standardisation. 
Furthermore – since it was realised that it is not clear which standards could apply in our case – some industrial 
partners were asked about their best-practices and the standards and guidelines they usually use at product 
developments. 

This document will present the recent updates, suggestions and relevant documents in two separated parts:  

- General industrial robotics 
- Food-industry 
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2. Industrial Robotics 
The RoBUTCHER project aims to develop the first entirely automated pig processing method. However, instead 
of the widespread “serial” (or “line”) setup that is used in the modern semi-automated slaughterhouses, a pig 
slaughtering cell will be built. This cell will carry out all steps of the pig-slaughtering with two industrial robot 
arms, a motorised Carcass Handling Unit (CHU), robotic cutting and gripping tools, and supervisory virtual 
presence of expert butchers. A relevant update of the past year is that a new, consolidated document 
appeared on the definitions of robotics as part of the Springer Encyclopaedia of Robotics. According to this, 
the definition of a robot is: “A robot is a complex mechatronic system enabled with electronics, sensors, 
actuators and software, executing tasks with a certain degree of autonomy. It may be pre-programmed, 
teleoperated or carrying out computations to make decisions.”1 Despite the fact that this definition would fit 
the Meat Factory Cell, the document recommends a more generic term, “robotic system” for such complex 
systems. According to IEEE 1872: “A robot (or a group of robots) can form robotic systems together with special 
environments geared to facilitate their work”.  

 

2.1. Relevant documents 
Since there was no commercial/publicly disclosed precedent identified in automated raw-meat handling or 
animal slaughtering using industrial robot arms, it was revealed in D1.2 that there is no single standard that 
regulates every aspect of the RoBUTCHER project. Thus, as a second step industrial partners of the RoBUTCHER 
consortium and the End-user Reference Group (ERG) were asked to share their experience and best practices. 

One of the answers were the list of the following standards from a robotics safety expert, some of these 
standards were mentioned in D1.2, but not detailed. Their relevance comes through the end-users.  

 ISO 13849-1 - Safety of machinery - Safety-related parts of control systems - Part 1: General principles for 
design 

 ISO 13850 - Safety of machinery - Emergency stop function - Principles for design 
 ISO 13855 - Safety of machinery - Positioning of safeguards with respect to the approach speeds of parts 

of the human body 
 ISO 13857 - Safety of machinery - Safety distances to prevent hazard zones being reached by upper and 

lower limbs 
 ISO 14118 - Safety of machinery - Prevention of unexpected start-up 
 IEC 62046 - Safety of machinery - Application of protective equipment to detect the presence of persons 

ISO 13849-1 focuses on the software-side of robotic applications; it often refers to ISO 12100 for base 
principles. This standard should be taken into consideration in the project, during the ongoing integration 
activities the software-development process should go according to the suggestions of this standard. 

Emergency stop functions were already mentioned in D1.2 too. Emergency stop functions should be 
implemented at different parts of the system. Although no collaborative operation will be allowed, direct 
physical intervention might be required on special occasions; that is particularly the case during development. 
For this reason, triggering the emergency stop functions should – according to 4.3.2. in the standard – be 
accessible by the supervisor butcher and directly outside the cell (Figure 1). There should be no option where 
some machines and robots are working and some of them are already stopped, the whole cell should be 

 
1 T. Haidegger, "Taxonomy and Standards in Robotics". In Marcelo H. Ang, Oussama Khatib, and Bruno Siciliano (eds), 
Encyclopedia of Robotics, Springer Nature, 2021, pp-1-10. https://doi.org/10.1007/978-3-642-41610-1_190-1 
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stopped together. Other instructions in the standard should also be adopted in the RoBUTCHER project e.g., 
colour and size of the emergency stop buttons or handles, disengagement (“unlatching”) the device, etc.  

ISO 13855 and ISO 13857 are standards relevant at every robotic application describing the basic principles of 
fencing (safeguarding) the robots and dangerous machinery from the outside world and humans. In the 
RoBUTCHER project, D3.1 (Cell Human Robot Interface) describes the related issues, such as safeguarding 
options, physical human interventions, cleaning and hygienic issues. D3.1 concludes, that the MFC should look 
like the simulated cell on Figure 1 (top) with stainless-steel fences, polycarbonate (PC) glass plates and a sliding 
door designed with hygienic properties. The use of light curtains or LiDAR-based safety options instead of 
physical fences was discarded, since even after the robot stops the knife or saw could be in dangerous position 
for the operator (i.e., below head-level) resulting in potentially lethal incidents.  

 

  

Figure 1. Plans for the MFC layout, as per D3.1, Demonstration of Cell Human–Robot Interface, with physical safeguarding 
fence and robot control buttons next to the sliding door (top, image source: Oddgeir Auklend). Standard ABB teach 
pendant with long cable to allow reach outside of the cell (bottom left, image source: ABB). Standard ABB push buttons 
for robot control e.g., for emergency stop (bottom right, image source: ABB). 
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Beside the suggested documents, the work of ISO TC299 (Robotics) was also reviewed, and some other 
recently published documents were identified. The ISO Robotics TC prepared a new version of ISO 8373 
Robotics – Vocabulary which is in DIS stage (Draft International Standard) now, cancelling and replacing the 
2nd edition from 2012. The main changes compared to the previous edition are as follows: 

 definitions have been reviewed to take into account the state of art; 
 definitions have been added e.g., medical robot, wearable robot and terms related modularity; 
 terms and definitions have been updated for harmonisation of existing standards. 

In addition to the ISO updates, the Standard Association of IEEE RAS (Robotics and Automation Society) in 
2021 published the IEEE Ontological Standard for Ethically Driven Robotics and Automation Systems (IEEE 
70072) and IEEE Standard Model Process for Addressing Ethical Concerns during System Design (IEEE 70003). 
These are IEEE standards, addressing the ethical questions occurring within modern automation projects. The 
first document is a set of ontologies with different abstraction levels that contain concepts, definitions, axioms, 
and use cases that assist in the development of ethically driven methodologies for the design of robots and 
automation systems. It focuses on the robotics and automation domain without considering any particular 
applications and can be used in multiple ways, for instance, during the development of robotics and 
automation systems as a guideline or as a reference “taxonomy” to enable clear and precise communication 
among members from different communities that include robotics and automation, ethics, and correlated 
areas. The second one (IEEE 7000) is a set of processes by which organisations can include consideration of 
ethical values throughout the stages of concept exploration and development.  

3. Robotic safety in the food industry  
Beside the industrial safety of robots and automated machinery, food safety in the project is related to the 
robots and machinery too. The risk of contamination is always present in the food industry, during the 
development of the MFC, the minimisation of this risk is an important aspect. However, in D1.2, it was shown 
that the current regulations are not well suited for the RoBUTCHER project i.e., for completely automated 
meat-processing with industrial robots, A.I. and intelligent end-of-arm-tools.  

 

Figure 2. Illustration from a meat-sector company’s internal machinery-safety document about the safe use of an 
industrial robot. Image source: CRT: Basic robotics. 

 
2 IEEE P7007 – Ontological Standard for Ethically Driven Robotics and Automation Systems, https://site.ieee.org/sagroups-7007/, cited 19.08.2022. 
3 IEEE Standard Model Process for Addressing Ethical Concerns during System Design https://standards.ieee.org/standard/7000-2021.html, cited 
19.08.2022. 
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Therefore, the ERG was asked about their best-practices, and one of the members sent their confidential 
document with the title “Basics of Robot Technology”. This document was made for meat-industry workers as 
a guideline for robots and automated machinery used in the meat industry, describing the modern 
technological systems. After some introductory parts, most of the document deals with the safety issues of 
machinery in the food industry, where it is stated that most of the statements are referred to the “Working 
Environment Authority”. 

The most important safety-related statements of the paper in summary are the following: 

 Loss and return of energy must not lead to dangerous functions. 
 Automatic machinery must have a personal protection that is adapted to stop time and braking distance 

for the system as well as for units thereof. 
 The protective device must prevent any person from entering the danger zone, and materials and tools 

that are thrown out thereby causing personal injury. 
 General safety instructions for automatic operation: 

o Personal safety is always first priority; 
o How to and how not to release a trapped person (e.g., brakes should not be released if the robot does 

not have gravity compensation); 
o Instruction manual should be provided in every operator’s native language; 
o Robot system should not be moved by direct force, only by program or teach pendant.  

 The most common safety measures include the following: 
o Every machine must be risk assessed – see EN60204-1 * 
o Fencing the workspace of the robot(s) ** 
o Securing doors 
o Light-curtain or safety LiDAR systems *** 
o Dead man’s switch 
o Stop devices **** 
o Testing at full speed. 

* For risk assessment the document suggests the use of EN60204-1 (Safety of Machinery – Electrical 
Equipment of Machines). It is emphasised that there must be 2 risk assessment processes, one 
determining the safeguards and enclosures to be used, and one determining the level of safety which the 
full system will belong to. 

**  The fence is designed to withstand all foreseeable operational and environmental impacts; thus, it has 2 
main purposes: it physically prevents access to the dangerous parts of the system, but it also has to be 
capable of preventing any dangerous items and tools to be thrown out of the cell.  

*** Light curtains, safety light bars etc. are described in a longer chapter with suggested speeds, distances, 
stopping times etc., however they won’t be detailed here, since these solutions were already rejected in 
the RoBUTCHER project. 

**** The chapter about stop devices includes emergency stop, external stop, safety stop (triggered by 
equipment) and restart too. This section refers regularly to ISO 13849-1, which is already reviewed in this 
document.  
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Figure 3. Demonstration of an alternative safety system (Pilz SafetyEYESystem4) at an experimental robot cell at one of 
the RoBUTCHER partners (left). There is no physical fence, but the system slows down or stops the robot if it senses any 
movement in a pre-defined 3D space around the robot (right, source: DOI 10.1109/TELFOR.2015.7377595).  

After the pilot integration and deployment work package (WP6) will be finished, the RoBUTCHER cell will be 
transported to Max Institute’s Department of Safety and Quality of Meat (MRI) in Germany for pilot 
evaluation. For this occasion, a document is under construction at MRI about the safety of the pilot robot cell. 
The document is mainly based on the already existing (but confidential) guidelines at MRI, however the 
statement and findings of D1.2 have also been taken into consideration.  

The most important declaration of the document being prepared by MRI is that “Only when the safety area is 
entirely free of operators, the automatic process could be initiated by the designated operator”. Most 
specifications later are derived from this rule e.g., when the butchers may enter the cell to transport the rack 
to post-mortem inspection, or the desired sensors at the perimeter fencing (sliding door closed etc.). Another 
part of the document – also under construction – is the Risk Management Plan, a table containing the 
unforeseen situations and their proposed solutions. This document – when finished – will be an important 
input to the final white paper (D1.4) of this task (T1.2), as it will merge the prior knowledge of some partners  
regarding robot safety in the meat industry with the experience of all the partners gained throughout the 
whole process of developing the RoBUTCHER MFC. 

 

 

 

 
4 Pilz Safe camera systems (new version but same functionality), https://en.sslog.de/equipment/safety-sensors-psen/safe-camera-system-safetyeye, 
cited 19.08.2022. 
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Figure 4. Early-stage plans for the fencing (blue rectangle) and the safety zones (green – OK, yellow – “risk zone” – reduce 
speed or stop, orange – stop) of the MFC at MRI (“will be replaced by finalised layout of MFC in MRI-Slaughter room”).  

One more notable action during 2021 regarding food-robotics was the creation of an ISO Strategic Advisory 
Group on Smart Farming (SAG SF) following a proposal from Germany (DIN) and USA (ANSI). The scope of 
Smart Farming was agreed to be the following: “smart farming covers innovative technical aspects of 
agriculture and aquaculture as well as the sustainability and improved efficiency of food production and its 
value chain.” ISO/TC 299 (Robotics) and ISO/TC 326 (Machinery intended for use with foodstuffs) were 
identified as a relevant technical committee for the SAG SF that could be relevant in the RoBUTCHER project 
too. In summary, the SAG SF does not seem to include meat-industry applications such as the MFC (which 
shows the current underrepresentation of the food processing field within smart agriculture and agrifood 
robotics), however this might be a good step from ISO towards addressing the meat-sector too.  

Other new initiatives include the ISO TC299’s renewed ISO TR 15066:2015 working group, focusing on the 
performance assessment and safety updates of collaborative robots. Further, the TC299 WG9 was put up for 
voting whether to continue the committee’s work on the essential performance and basic safety of Medical 
Electrical Equipment, including surgical robots, of which our domain could merit. Also, the American ASTM 
F45 issued an open call for experts on its renewed topical committee, working on Robotics, Automation, and 
Autonomous Systems, which develops standards that are applicable to, but not limited to, 
automatic/automated autonomous vehicles, robotic arms/manipulators, and the sensors used in these 
systems for smart infrastructures, advanced manufacturing, logistics, and other automation, including the 
agri-food sector. 

  

4. Conclusions  
While standardisation is happening in relatively slow, 6-7 years cycles, it is important and tactical to keep 
observers or active workers in the relevant committees in both ISO, IEC and IEEE side. This ensures access to 
early draft materials already. Furthermore, it is recommended to lobby to become part of the SAG SF to make 
sure that the meat sector is represented among their stakeholder groups.  
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