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Safety considerations for 
multi-purpose robots in 
industrial environments 

Summary 
Utilization of Autonomous Mobile Robots (AMRs) is heavily increasing in industrial 
applications. AMRs are mostly used in internal logistic functions for delivering e.g. 
components, products and pallets in production and warehouses. AMRs can avoid 
collisions with humans and obstacles. In case of people or obstacles on AMRs’ way 
they stop safely without causing any severe safety incidents. 

In order to increase utilisation rate of AMRs and their profitability, an increasing num-
ber of companies develop multi-purpose robots (“MUROs”). In this study, we con-
centrate on MUROs in which a cobot is attached onto a mobile platform. However, 
while developing new MUROs, also new safety risks may emerge. Still current stand-
ards as well as safety engineering and risk assessment methods cover mobile plat-
forms and cobots separately. Then, some risks may remain unidentified and will not 
be managed in a sufficient way. 

This paper outlines central MURO related standards and identify potential new 
emerging risks that mobile platforms with cobots may cause. Three AMR-cobot com-
bination scenarios and related relevant standards are identified. The most demand-
ing and the most new risks causing scenario is that both the platform and the arm 
are simultaneously in move. In that scenario, e.g. stability of the platform may be 
compromised and the extended and moving arm may cause collisions. As a result, 
this paper brings up new safety considerations related to multi-purpose robots and 
inspires further R&D on the topic. 
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Introduction 
According to the International Federation of Robotics (IFR) the AMR sales has grown 
six-fold from 2014 to 2019. The IFR also forecasts average annual growth of sales 
to be 30% from 2020 to 2023 (IFR, 2021). One popular industrial AMR application 
currently is delivering goods in production and warehouses. AMRs enable very flex-
ible automatic intralogistics functions (Fragapane et al., 2021). The working areas of 
AMRs are usually designed so that the humans and the AMRs are working in their 
own dedicated areas and the AMRs are interfacing with human workers in dedicated 
locations. 

One factor that has hindered more extensive application of AMRs is the fact that their 
utilisation rate in factories sometimes remains low. Thus, return-of-investment re-
mains unsatisfactory in order to invest in robots. In order to leverage the full potential 
of AMRs and to increase their utilisation rate, AMRs should evolve from single-pur-
pose to multi-purpose and new service based business models should be developed 
when a fleet of MUROs is in shared use among stakeholders (Hakanen et al., 2022). 

AMRs can be transformed from single-purpose to multi-purpose by integrating e.g. 
various sensors and cameras onto a mobile platform to widen robot’s capabilities. 
One way to increase AMRs’ capabilities is to add a robot arm, collaborative robot 
(“cobot”), onto the mobile platform (Figure 1). Many research institutes and robot 
manufacturers have developed these sort of MUROs in their robotics R&D. 

 

 

Figure 1. Examples of MUROs (VTT and Fetch Robotics). 

 

A MURO in which an AMR and a robot arm are combined has more human-like 
capabilities compared to using them separately. Humans can work close to the 
cobot. It is expected that such platforms will be increasingly working in collaboration 
with human workers in the future. In practice, such MURO can transport compo-
nents, tools and products and lift them away from the platform or move them onto 
the platform ─ or the MURO can transport items at one time and perform manipula-
tion tasks at other times. As the robot arm can move and manipulate objects in and 
around the platform, the addition propagates to new risks compared to single-pur-
pose AMRs only concentrating on e.g. intra-logistics transportation tasks. 
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Regulation and safety standards 
Within the EU, Machinery Directive and risk assessment principles regarding safety 
of machinery are the starting points for designing and utilizing the device in a safe 
manner. There is no specific standard prepared that could directly be applied to MU-
ROs. Safe design and utilization of MUROs require combining knowledge from sev-
eral standards that concern separately mobile robots and manipulators: 

 The Machinery Directive, Directive 2006/42/EC https://ec.eu-
ropa.eu/growth/sectors/mechanical-engineering/machinery_en 

 The EMC Directive 2014/30/EU 
https://ec.europa.eu/growth/sectors/electrical-and-electronic-engineering-industries-
eei/electromagnetic-compatibility-emc-directive_en  

 ISO 12100:2010 Safety of machinery — General principles for design — 
Risk assessment and risk reduction https://www.iso.org/stand-
ard/51528.html  

 ISO 10218-1:2011 Robots and robotic devices — Safety requirements for 
industrial robots — Part 1: Robots https://www.iso.org/standard/51330.html  

 ISO 10218-2:2011 Robots and robotic devices — Safety requirements for 
industrial robots — Part 2: Robot systems and integration 

 ISO/TS 15066:2016 Robots and robotic devices — Collaborative robots * 
https://www.iso.org/standard/62996.html  

 ISO 3691-4:2020 Industrial trucks — Safety requirements and verification -
- Part 4: Driverless industrial trucks and their systems  
https://www.iso.org/standard/70660.html   

 IEC 60204-1 | Safety of machinery — Electrical equipment of machines — Part 1: General 
requirements https://webstore.iec.ch/publication/66124  

 ANSI/RIA R15.08:2020 Industrial Mobile Robots - Safety Requirements — Part 1: Re-
quirements For The Industrial Mobile Robot ** 
https://webstore.ansi.org/Standards/RIA/ANSIRIAR15082020  

 

* New revisions of the ISO 10218-standards are expected to be available soon 
(2022). The new revisions will incorporate the safety function requirements pre-
sented in the ISO/TS 15066. 
** Currently there is no ISO-standard specifically for mobile robots. Although 
the North American standard is not applicable in the EU, it may be useful to be 
examined. 

Safety considerations for MUROs 
Risk assessment of the MURO concept needs to follow the risk assessment process 
(Figure 1). Typical hazards of mobile robots are presented and this aims to better 
the most critical phase of the risk assessment, which is hazard identification. The 
risk analysis phase is made usually by/with technical persons and it includes deter-
mination of limits (e.g. speed limits, operation modes, operation area, tools, loads), 
identification of hazards (all modes, identification according to analysis method) and 
risk estimation (severity, probability, risk ranking). Risk evaluation is related to risk 
acceptance and it utilizes the risk analysis results and it is made/approved by per-
sons, who have the power to affect the design of the system and make decisions to 
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improve safety (inherently safe design, safety devices and measures, and warnings). 
In addition to robots capabilities and features per se, all its tasks and different work-
ing environments also need to be considered in risk assessment. 

 

Figure 1. General risk assessment process according to ISO 12100. 

 

We identified central safety considerations for mobile platform-cobot combinations: 

1. Arm integration: When a MURO is acquired from a single OEM it is respon-
sible for ensuring the safety of the whole system. In case, when some com-
pany builds own MUROs from various OEMs’ products it is responsible for 
ensuring the safety of the combination. For instance, ensuring safe emer-
gency stop operations is pivotal. Also, any electrical changes done due to 
attaching payload onto the mobile robot platform need to be professionally 
executed to avoid risks of electric shocks and fire. 

2. Additional structure and load on top of the mobile platform should be de-
signed so that it does not add risks of the platform and does not exceed the 
allowed payload of the platform. The load must be secured so that the load 
cannot move or fall off. The load may need to be located close to the centre 
of gravity of the platform. 

Additional payload affects endurance of the structure, dynamics of the sys-
tem and stability of the platform. The platform may e.g. fall more easily on 
slopes when an additional payload is attached, so it cannot move on as 
steep slopes as without the payload (e.g. an arm). 

3. Robot arm and its movements decrease stability of the platform, especially 
if the arm is handling or holding heavy objects far away from the centre of 
gravity of the platform. Rapid movements of the robot arm carrying a heavy 
load may also affect the dynamics of the end-effector path. 

4. Driving speed of the platform may need to be limited due to the increased 
instability, especially when driving in curves or slopes. 

5. Object held by the arm must be positioned so that it cannot cause harm 
while the platform is moving. Special attention needs to paid if the object 
may cause injury in collision i.e. the tool or object is e.g. sharp. The arm and 
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the object its holding may be stuck to objects or people that the robot passes 
by. 

6. Robot’s working environment must be limited and secured in locations 
where the arm is active. This may require docking the platform with physical 
contact providing safety signals verifying the location. 

7. Autonomous navigation can be considered as a safety function, if the 
arm/tool/object may exceed the horizontal dimensions of the mobile platform 
and the increased dimensions affect to the reserved area during navigation. 
Robot arm can be extended to areas to which is should not extend causing 
harm for humans, the robot or its surroundings. It is also possible that navi-
gation restricts access to hazardous area, which cannot be detected with 
sensors, like stairs downwards or sticking objects. 

8. Monitored safety distances around the platform must be adjusted to match 
any possible increase of the dimensions. If the dimensions of the platform 
are not exceeded during navigation, the platform can be treated as an AGV, 
with similar risks. Note that an AGV follows pre-programmed tracks, but a 
mobile robot may use free navigation and search a new route, if the primary 
track is occupied. 

9. Limitations of object detection with laser scanners: The platform may hit 
objects, which are too narrow for the lasers canner used for collision avoid-
ance. Such objects can be, for example, chair legs and ladders. Collisions 
may cause further hazards. Another possibility is that the dimensions of the 
object are at higher level than the laser scanner detection field. Such objects 
can be, for example, tables, large plant pots, forklift trucks or specific hoisting 
devices. 

10. Both the platform and the robot arm are moving simultaneously: Dy-
namic force and speed of the robot arm can be higher than the robot arm 
force and speed alone thus potentially harming people close by. 

11. Automated doors in lifts or corridors may cause problems, if door does not 
open synchronously according to the platform movements. If door opening 
is not in phase with the platform movements, it may hit the platform and 
cause problems (object may fall, door is jammed and damaged; recovery 
requires human intervention). Extended arm may get stuck on doors, door 
handles or other structures. 

12. Lithium batteries of all robots comprise risk of fire or explosion if misused. 
The condition of the batteries must be followed regularly, suited extinguish-
ers for lithium-reaction must be available and the battery charging station 
must be monitored, designed fireproof, and the fire load must be minimized. 

Three MURO operation scenarios 
Multi-purpose robots (“MUROs”) may work in restricted areas where there are no 
humans and in areas where also humans work. In different use scenarios, mobile 
robot platform can either stand still or move. On the hand, also the robot arm, cobot, 
can be still in some situations and move in some other situations. By combining these 
options, we get three scenarios, which we go through: 1) Platform moving & robot 
arm disabled/static, 2) platform static & robot arm moving, and 3) platform moving & 
robot arm enabled/moving. Consequently, risks and relevant standards vary in each 
scenario. For each scenario, we pinpoint the reference to the associated stand-
ard/specification and the used naming conventions where applicable:  
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1. Platform moving & robot arm disabled/static 
 
AMR has two different MURO operating modes and they are assessed as fol-
lows, in a restricted zone and a zone where there are humans: 

a. Dedicated area with personnel access limitations  
ISO 3691-4:2020 Driverless industrial trucks and their systems Con-
fined zone, Restricted zone 

b. Human coexistence 
ISO 3691-4:2020 Driverless industrial trucks and their systems Operat-
ing hazard zone, Operating zone 

 

Figure 2. Scenario in which the platform is moving and the robot arm is static. 

 
 

2. Platform static & robot arm moving 
 
Manipulator safety assessment for MURO manipulation phases includes the 
next standards again taking into account separated work and coexistence of 
robots and humans: 

a. Separated work 
ISO 10218-2:2011 Industrial robot systems and integration, ISO/TS 
15066:2016 Collaborative robots 

b. Coexistence 
ISO/TS 15066:2016 Collaborative robots 

c. Sequential, synchronized in-turns 
ISO/TS 15066:2016 Collaborative robots 

d. Parallel, side-by-side in cooperation 
ISO/TS 15066:2016 Collaborative robots 

e. Collaboration 
ISO/TS 15066:2016 Collaborative robots 

 

 

Figure 3. Scenario in which the platform is static and the robot arm is moving. 
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3. Platform driving & robot arm enabled/moving 

Both AMR and manipulator safety assessments for restricted areas and areas where 
there are humans: 

This scenario is special in many ways as the manipulator movement may cause 
additional instability. It may reach outside of the platform’s regular footprint and 
the total height and centre of gravity of the combination may change. These as-
pects add to the potential risks of a fall or collision to personnel or objects along 
the path. 

a. Dedicated area with personnel access limitation 
ISO 3691-4:2020 Driverless industrial trucks and their systems Con-
fined zone, Restricted zone 
ISO 10218-2:2011 Industrial robot systems and integration 

b. Human coexistence 
ISO 3691-4:2020 Driverless industrial trucks and their systems 
Load transfer area, Operating hazard zone 
ISO 10218-2:2011 Industrial robot systems and integration, ISO/TS 
15066:2016 Collaborative robots 

In this scenario it is mandatory to notice that utilizing only the collabo-
rative applications for separated or coexistence work with adequate 
separation monitoring are applicable. As both the platform and the ma-
nipulator add to the force and speed utilizing speed, power and/or 
force monitoring becomes unfeasible. For the separation monitoring 
the stop-distance of the safety devices must be configured large 
enough. 

 

Figure 4. Scenario in which both the platform and the robot arm are moving. 

MURO is mobile and autonomous. It is important to perform risk 
assessment against all applicable scenarios, tasks and environments 
where it moves and works! 

 

Inspiration for future R&D 
MUROs and related safety considerations inspire future R&D in many ways. This 
study focused on mobile platform-cobot MUROs, but several kinds of MUROs can 
be built in addition to those. Within the industrial context, AGV based larger MUROs 
provide plenty of R&D avenues. In addition, several MURO applications combine 
mobile robots’ a) physical tasks such as transportation or cleaning and b) some data 
collection and utilisation based on various cameras and sensors. These sort of data-
intensive MUROs should be studied more from safety perspective, too.  
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