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Disclaimer 

The information provided in these Guidelines on Autonomous mobile robots for delivery is for general 

information purposes only. The Technical Guidelines for use of Autonomous Mobile Robots for Delivery 

within Commercial Buildings is provided “AS IS” without any express or implied warranty of any kind. 

Whilst the Working Group (defined above), Infocomm Media Development Authority (IMDA) of Singapore 

and/or individual contributors thereof have made every reasonable effort to ensure that the information 

contained herein is obtained from reliable sources and that any opinions and/or conclusions drawn there 

from are made in good faith, to the extent not prohibited by law, the Working Group and IMDA, and their 

respective employees, agents and/or assigns shall not be responsible or liable for reliance by any person 

on the information, opinions and/or conclusions contained herein. The Working Group and IMDA, and 

their respective employees, agents and/or assigns shall not be liable for any direct, indirect, incidental or 

consequential losses arising out of the use of the IMDA Guidelines on Commercial buildings. The Working 

Group and IMDA are entitled to add, delete or change any information in the IMDA Technical Guidelines 

for use of Autonomous Mobile Robots for Delivery within Commercial Buildings at any time at their 

absolute discretion without giving any reasons. 
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1 Introduction 

1.1 Background 

As the workforce in Singapore transforms, the shift towards skill-based and higher value-add 

jobs as well as an ageing workforce will result in a manpower shortage. Based on current 

demographic trends, the local labour force has been decreasing since 2015 and the downward 

trend is projected to continue. Meanwhile, the number of commercial buildings of different sizes 

continues to increase in Singapore. The types of workers that support the business operations 

in commercial buildings range from service staff for retailers to delivery staff whose productivity 

level currently depends on their physical capabilities—something which will diminish as the 

labour force ages. 

 

Figure 1-1: Workforce trend and projection 

The use of autonomous mobile robots (AMRs) can be effective in addressing challenges created 

by a shrinking and ageing workforce. Apart from providing relief in terms of absolute headcount 

numbers, the use of AMRs will create opportunities to revamp operational procedures within 

commercial buildings that can deliver breakthroughs in productivity gains. AMRs can be 

deployed to perform manual tasks such as loading, unloading, and delivery of goods. 

Additionally, AMRs can be designed to cope with payloads beyond what humans can handle, 

and to operate under less favourable conditions (i.e. after hours, in enclosed spaces while air-

conditioning is turned off). 

This workgroup has been set up to holistically evaluate the landscape within which AMRs need 

to operate when deployed in commercial buildings. The purpose of this document is to provide 

guidelines for stakeholders—technology partners, AMR manufacturers, mall operators, retailers, 
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logistics providers, infrastructure owners, and so on—to be able to seamlessly and efficiently 

integrate AMRs into their operations, and within the wider ecosystem of the commercial building. 

The document will also provide a suite of recommendations to ensure safety in deployment. 

Once resources (such as pathways, infrastructure and charging stations) have been set up for 

use by different AMRs, it will open up possibilities for greater collaboration between robotic 

vendors and solutions providers to expand the role of AMRs within commercial buildings. The 

figure below gives examples of various business segments and illustrates some of the expanded 

roles for AMRs in order to serve other industry sectors also challenged by a dwindling pool of 

human resources. 

 

Figure 1-2: AMR roles for other business segments in a commercial building 

Apart from fulfilling the roles of delivery agents and order management (seen at the bottom two 

levels) AMRs may also be deployed to assist in areas such as facilities management and 

security. AMRs equipped with scene understanding capabilities can patrol specified areas and 

assist in crowd control measures. On-board machine vision capabilities also enable AMRs to be 

used for inspection tasks, to identify abnormalities in the environment such as obstructions 
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caused by unauthorised objects or simply just spilled beverage on the ground. Specialised 

AMRs may also be deployed to perform other support tasks such as cleaning and disinfecting 

of specific locations, being better suited to handle certain chemicals compared to humans. 

In order to enable AMRs to operate in the abovementioned capacities, AMRs need to be able 

to interact with humans and also other robots in dynamic situations and the fluid environment of 

commercial buildings. 

1.2 Objectives 

The efforts of the workgroup are focused on establishing guidelines for best practices to cover 

challenges that are specific to AMR deployment within commercial buildings. The workgroup 

acknowledges that standards already exist for certain human-robot interaction scenarios, and 

these are duly referenced. 

While AMRs are already being deployed to fulfil tasks in industrial settings such as warehouses, 

these environments are for the most part controlled and more predictable, as staff can be trained 

to be familiar with the behaviour of the AMRs and respond accordingly. In these situations, 

AMRs do not share the space with members of the public. 

Although AMRs have also been deployed in common areas of hospitals where there is 

unplanned interaction between members of the public and the AMRs, certain characteristics of 

commercial buildings give rise to additional requirements specific to such a setting, warranting 

the need for this technical reference. These include: 

• The range of crowd sizes in a commercial building can be extreme, particularly if there are 

special events such as sales or promotional activities. Sudden and sharp increases in 

numbers are part of the normal operations within commercial buildings and these cannot be 

accurately predicted beforehand. AMRs deployed in commercial buildings need to be 

capable of coping with such dynamic fluctuations in the expected level of human-AMR 

interactions. 

 

• Commercial buildings need to accommodate a wider range of robot types supporting a 

more varied group of stakeholders. A factory or hospital is typically administered by a single 

organization that has greater control over what, how and where robots are deployed within 

the premises. However, in a commercial building setting, there is a need to cater to multiple 

entities (i.e. different shops and service providers) deploying a range of robots. The building 

infrastructure needs to be able to communicate with multiple fleets of AMRs. The AMRs 

need to be able to co-exist with AMRs owned and operated by different organizations. 

 

• In a hospital or factory setting, tasks such as the delivery of food, medicine, raw materials 

or finished goods can be managed according to a timetable. However, order fulfilment tasks 

generated by customer purchases are randomly generated. The order time, type, volume 

and payload size cannot be pre-determined. There needs to be dynamic co-ordination 

between AMRs as to how and when tasks are to be fulfilled. 

 

• The physical environmental conditions within commercial buildings are more volatile than 

most other settings. Consider the case of navigable spaces such as atriums or corridors in 

commercial buildings, the physical specifications of these spaces are regularly subject to 
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substantial changes due to the setting up and tearing down of pop-up stores, booths or 

push-carts. The AMRs need to be aware of and able to adapt to the latest changes for their 

route. 

As commercial buildings also tend to be supported by more modern infrastructure such as newer 

lifts and doors, operators are able to roll out solutions based on technologies that leverage any 

available new features. Standardisation will facilitate the smooth roll-out of new and creative 

solutions by different technology partners, to improve the operations of the commercial building. 

As such there is a need for a standardised set of guidelines describing an open and robust 

framework specific to commercial buildings, especially given the large and growing number of 

commercial buildings within Singapore. The standardisation of infrastructure and 

communications protocols to promote interoperability will not only allow AMRs from different 

vendors to operate within the same building, it will also enable these AMRs to be easily deployed 

to another commercial building, providing flexibility for equipment and building owners, 

catalysing industry adoption of AMRs to fulfil operational needs. 

1.3 Focus areas 

These guidelines build upon published or open standards wherever possible and describe 

recommendations for areas that are not currently covered by existing standards. In the areas of 

interoperability and infrastructure, the Robotics Middle Framework (RMF) is referenced as the 

foundation upon which gaps between the requirements specific to the deployment in commercial 

buildings and existing body of work are identified. Existing safety standards are also referenced, 

and additional recommendations are made to cover scenarios specific to commercial buildings.  

In order to meet the objectives stated above, the workgroup will focus on the addressing the 

following: 

• The projected use cases within commercial buildings (as described in 1.2 Objectives) 

necessitate that extended capabilities be provided to enable AMRs to cope with dynamic 

changes to the scheduled tasks. Such changes can be triggered by real-time assessment 

and updates on the ground situation. The ability to adjust and respond in real-time to a 

variety of changes in circumstances is key to being able to deploy of different types of 

AMRs performing different tasks, while maintaining interoperability between the disparate 

groups of AMRs and the building infrastructure; 

 

• On top of leveraging specifications and modules available in RMF, the workgroup will 

recommend a set of additional message specifications that extend AMRs’ interaction 

capabilities with newer building infrastructure such as lifts. A range of industry partners are 

represented in this workgroup, and input from industry consortiums such as SLECMA 

(Singapore Lift & Escalator Contractors and Manufacturers Association) have been sought 

and incorporated to align new and existing specifications. This will facilitate smooth 

adoption across different manufacturers and vendors in adopting these new technologies; 

and 

 

• The workgroup has surveyed a range of safety issues and hazards as identified by 

published standards related to the use of robots in various settings (refer to Clause 2—

Normative References) and will provide additional recommendations as needed in relation 
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to having AMRs operate dynamically within commercial buildings. Safety standards 

published at this point in time generally cover the deployment of robots performing a pre-

determined set of actions and/or within controlled environments, hence there are gaps in 

the literature pertaining to safety in complex, fluid environments. As the procedures and use 

cases in commercial buildings vary according to environment, it is unlikely that international 

standards will be developed to address gaps. The recommendations of the workgroup will 

address this urgent need. The range of AMR form factors expected to be deployed within 

the same environment, the range of payload and interaction types between AMRs and 

humans, the range of building infrastructure require additional safety guidelines to address 

the high level of dynamism in commercial buildings. The workgroup’s recommendations will 

cover specific safety considerations for the attachment and detachment of payload in the 

presence of high human traffic, and procedures to ensure safety (of human, AMR and 

payload) in collisions. 

2 Normative references 

The following documents are referred to in text in such a way that some or all of their content 

constitutes requirements of this document. For dated references, only the edition cited applies. 

For undated references, the latest edition of the referenced document (including any 

amendments) applies. 

• EN 61000-6-2, Electromagnetic compatibility (EMC). Generic standards. Immunity for 

industrial environments 

• EN 61000-6-4, Electromagnetic compatibility (EMC). Generic standards. Emission standard 

for industrial environments 

• IEC 60204-1, Safety of machinery - Electrical equipment of machines - Part 1: General 

requirements 

• IEC 61496-1 Safety of machinery - Electro-sensitive protective equipment - Part 1: General 

requirements and tests 

• IEC 61508, Functional Safety of Electrical/Electronic/Programmable Electronic Safety-

related Systems 

• IEC 61800-5-2, Adjustable speed electrical power drive systems – Part 5-2: Safety 

requirements – Functional 

• ISO 8373 Robots and robotic devices — Vocabulary 

• ISO-10218  Robots and robotic devices – Safety requirements for industrial robots 

• ISO-13482 Robots and robotic devices — Safety requirements for personal care robots 

• 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 13856 Safety of machinery — Pressure-sensitive protective devices 

• ISO/TS 15066 Robots and robotic devices — Collaborative robots 

• Programming Multiple Robots with ROS 2 (https://osrf.github.io/ros2multirobotbook/)  

• SS 550 Code of Practice for installation, operation and maintenance of electric passenger 

and goods lifts. 
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• RS485 Electrical characteristics of drivers and receivers for use in serial communications 

systems 

• RS232 Serial communication transmission of data 

• TRXX Data interchange between robots, lifts and automated doorways to enable 

autonomous operations 

3 Definitions 

For the purpose of this guideline document, the following definitions apply: 

3.1 Autonomy 

The ability to perform intended tasks based on current state and sensing, without human 

intervention. [ISO 8373:2012, 2.8 modified] 

3.2 In-Mall Operator (IMO) 

Operational personnel appointed by the commercial building owner that oversees the hardware 

infrastructure, software and communications required to have the AMR fleets owned by different 

vendors or service providers operating within the commercial building. 

3.3 Robot Operating System (ROS) 

Despite being called an operating system, ROS functions more like middleware than an actual 

operating system. ROS is an open-sourced software framework that provides a structured layer 

sitting above the host operating systems of clusters of heterogeneous computers. The function 

of the layer is to facilitate communication between devices and includes libraries and tools to 

manage packages, hardware abstraction and messaging. ROS can also be used to enable low-

level device control. 

3.4 Safety Integrity Level (SIL) 

Discrete level (one out of a possible four) for specifying the safety integrity requirements of the 

safety functions allocated to the programmable electronic safety-related system, where Safety 

Integrity Level 4 has the highest level of safety integrity and Safety Integrity Level 1 has the 

lowest. 

4 Abbreviated terms 

2D two dimensional 

3D three dimensional 

AI artificial intelligence 

AGV automated guided vehicle 

AMR autonomous mobile robots 
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API application programming interface 

bps bits per second 

CCS command and control system 

CCTV closed-circuit television 

CRC cyclic redundancy check 

ESPE electro-sensitive protective equipment 

FM fleet manager 

GUI graphical user interface 

HLS HyperText Transer Protocol (HTTP) live streaming 

ID identification 

IEC International Electrotechnical Commission 

IMDA Infocomm Media Development Authority 

IMO in-mall operator 

I/O input / output 

IoT Internet of Things 

IP Internet protocol 

ISO International Standards Organisation 

JSON JavaScript Object Notation 

kg kilograms 

km/h kilometres per hour 

LED light-emitting diode 

MFM Meta-Fleet Manager 

MIM Meta-Infrastructure Manager 

mm millimetres 

MMM Meta-Maps Manager 

PSPE pressure-sensitive protective equipment 

PLr required performance level 

REST Representational State Transfer 

RMF Robotics Middleware Framework 

ROS robot operating system 

RTMP real-time messaging protocol 

RTP real-time protocol 

RTSP Real Time Streaming Protocol 

SIL safety integrity level 

SLECMA Singapore Lift & Escalator Contractors and Manufacturers Association 

SU Scene Understanding  

TCP Transmission Control Protocol 

TU transport unit 

UV ultraviolet 

VDC volts direct current 

WebRTC Web Real Time Communications 
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5 Scope 

The guidelines laid out in this document cover the deployment of AMRs for deliveries within 

commercial buildings. This covers shopping malls, office buildings, and mixed-used 

developments such as shopping malls with attached office and/or residential towers. Other 

building types shall not be covered. The document shall not discuss the use of AMRs for 

deliveries within hotels, hospitals, schools, residential buildings. 

The document will cover issues relating to deployment and safety within the commercial building 

property boundary. This will include both indoor and outdoor (sheltered and unsheltered) areas 

that are part of the commercial property, regardless of usage. This means that residential and 

office sections within the boundary are to be considered. Issues pertaining to or arising from the 

deployment of AMRs on public roads adjacent to the commercial property will not be covered. 

The guidelines are applicable to deployment of diverse robots inside commercial building, 

performing different types of service tasks. However, the AMRs covered in this document are 

limited to earth-bound AMRs. Issues relating to the use of drones are out of scope. The 

document will cover all types earth-bound AMRs of different form factors, including wheel-based 

and legged AMRs. Robotic arms deployed on a robotic base are also out of scope. 

6 Landscape and systems overview 

6.1 Landscape overview 

The diagram below, Figure 6-1: Landscape and systems overview, illustrates the landscape 

that this document covers. To support the range of business use cases shown on the left of the 

diagram, an interoperable back-end system is required. This back-end system will not only 

facilitate the operational integration of the various hardware entities, it will also be supported by 

cloud-based data resources which will enable users to develop intelligent solutions for use in 

different commercial buildings. Resources in such a back-end system include a building corpus, 

artificial intelligence libraries, access to IoT systems and gateways to a range of services. 
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Figure 6-1: Landscape and systems overview 

In this ecosystem, different parties can provide a variety of solutions that support different 

functions. The nodes within the ecosystem are functionally matched and interoperable in order 

for the whole solution to be tenable. 

6.2 Functional architecture 

The following diagram (Figure 6-2: Functional view of overall architecture) shows the 

functional layers that support the operations illustrated in Figure 6-1: Landscape and systems 

overview. This functional architectural view consists of horizontal layers flanked by two vertical 

pillars. The horizontal layers cover the hardware device and controller layer, network 

communications and messaging layer, services support, and applications layers. Management 

and safety/security capabilities are shown as two vertical pillars as these capabilities are 

required by each of the horizontal layers. The horizontal layers typically interact directly only 

with adjacent functional layers. 

This architecture is key to enabling the top layer applications and their supporting services to be 

domain independent, allowing different users to develop and deploy according to their needs 

without being impacted when there are upgrades or changes to the non-adjacent layers such 

as device or controller layers. 

The messaging and communications layers are developed based on open standards and the 

modules are loosely coupled so that interconnections can be made via translators or other 

mediation methods. This will enable the different modules to be enhanced independently to 

support technology agnostic deployment of hardware. 
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While maintaining flexibility and adaptability, this overall architecture is designed to allow the 

imposition of a unified set of safety requirements and integrated security measures that 

cover the entire deployment. 

This diagram serves to contextualise the focal areas of this workgroup and show how the 

recommendations detailed in these guidelines fit within the whole solution. The entities 

illustrated in the diagram are grouped into three types. 

The red entities refer to existing operational best practices (under management capabilities) or 

to end-user applications and edge hardware devices that exist as part of the deployment 

scenario but will not covered in this document; 

The green entities represent work done by standards organizations or open-sourced standards 

groups that provide the foundation upon which these guidelines are built; and 

The yellow entities show the areas where gaps have been identified between published literature 

and deployments requirements in commercial building. They represent the recommendations 

coalesced by this workgroup for the dynamic deployment of AMRs in commercial buildings. 

 

Figure 6-2: Functional view of overall architecture 

6.3 Interoperability framework for commercial buildings 

The Robotics Middleware Framework (RMF) platform enables the followings types of 

interoperability within commercial buildings: 

• interoperability between different AMRs from different technology partners; 

• interoperability between AMRs and hardware infrastructure; and 

• interoperability between the services required by different users. 
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Through the use of a set of common messages and pre-defined protocols, AMRs are able to 

communicate and interoperate with building infrastructure in order to navigate around the fixed 

constraints of the building and be integrated into an ecosystem that supports a wide range of 

applications or services. 

In order to address complexities specific to commercial buildings, extensions to the basic RMF 

framework are being introduced in this document. These extensions help to improve 

interoperability, not only among different AMR fleets, but also between AMRs and building 

infrastructure.  

While RMF provides basic information and control to the AMR’s movements, RMF is not 

optimised to make dynamic adjustments if the AMR stops or deviates from its path due to more 

complex situations. Scene Understanding is a capability in RMF (Extended) that provides real-

time information about the dynamic environment, allowing the AMRs to respond to unforeseen 

circumstances while continuing with their assigned task. Without feedback provided by such a 

module, AMRs may have to simply stop and abort its task rather than make adjustments required 

to carry out their jobs within the unpredictable environment of commercial buildings. 

An RMF extension for lifts is introduced in this document. It is designed to enable better 

interaction between AMRs and the lifts. This capability allows AMRs to initiate requests for the 

lift to complement its actions in response to unplanned scenarios.   

6.4 Safety 

Solutions providers and operators shall pay close attention to the guidelines described in ISO-

13482:2014 Robots and robotic devices — Safety requirements for personal care robots 

and ISO 13850:2015 Safety of machinery — Emergency stop function — Principles for 

design. These two documents provide the base requirements for safety requirements pertaining 

to the use of robots and machinery, referred to when addressing safety concerns for human-

AMR interaction and prevention of damage to the robot.  For safety guidelines pertaining to 

programmable lift systems, refer to SS 550 Code of Practice for installation, operation and 

maintenance of electric passenger and goods lifts.  This addresses safety issues to do with 

the AMR’s interactions with lift infrastructure and to ensure safe operations of the lifts within the 

commercial building’s ecosystem. 

These international standards are updated regularly and provide current guidance on safety 

measures for the operation of those hardware assets. Due to the heterogenous nature of 

shopping malls, it is unlikely that international standards can be developed to address any 

additional safety requirements applicable to commercial buildings. In fact, the dynamic nature 

of commercial building operations implies that prescriptive specifications may not be practical 

across all commercial buildings. However, some common concerns do exist. Safety concerns 

specific to commercial buildings centre around the payload transport unit, its interaction with 

humans, robots and other building infrastructure. The workgroup has collated and classified 

common safety concerns found in commercial buildings and provide recommendations on how 

to address them in Clause 12 Safety recommendations. 
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7 Introduction to RMF 

7.1 Role of RMF 

The Robotics Middleware Framework (RMF) is an open-source framework developed for the 

purpose of allowing for seamless communication between AMRs of different makes and models, 

with a common infrastructure within buildings. RMF is currently being used in hospitals to 

integrate medical devices, robotic systems, IoT devices, and hospital information systems. The 

core modules in this framework can be leveraged for use in commercial buildings, helping to 

optimise resources, lower barriers to entry, and deconflict operations between different vendors 

or operators, ensuring safe deployment. 

  

Figure 7-1: RMF framework base architecture 
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The diagram above provides a more detailed view of how the RMF platform enables different 

types of interoperability described in 6.3 Interoperability framework for commercial 

buildings. 

Through the use of a set of common messages and pre-defined protocols, AMRs can 

communicate with building infrastructure in order to navigate within the fixed constraints of the 

building and each other. This framework enables different types of AMRs operated by different 

groups to be integrated into an ecosystem that supports different applications and services. For 

details of current RMF core messages and protocols, refer to Programming Multiple Robots 

with ROS2 published on https://osrf.github.io/ros2multirobotbook/ros2.html 

7.2 Key features  

7.2.1 Common services and interfaces for interoperability 

The RMF uses ROS2, open-source middleware using the Object Management Group’s (OMG’s) 

Data Distribution Service (DDS), to develop common services for inter-domain communication 

and data routing. 

Meta-system interfaces (depicted as translators in Figure 7-1) connect with the services such 

as the dispatcher planner, traffic monitor or scheduler as described below. For each service, 

solution providers can use existing translators, or develop their own if the available translators 

are not suitable due to specific features in newly introduced services or devices. 

The RMF allows multiple robotic agents to communicate with building infrastructure and building 

management systems (e.g. card access control, door and lift controls, fire safety systems and 

nurse call systems). 

7.2.2 Modular core 

The RMF provides a scalable, highly modular and distributed system via which key aspects of 

the operations can be managed. The base modules required for AMR deliveries in commercial 

buildings are as listed below: 

Dispatcher planner: assigns tasks to fleets. In a multi-fleet environment where a task can be 

performed by AMRs from different fleets, the dispatcher planner looks at the resources available 

whenever a new task is created and assigns the task based on efficiency, optimal resource 

utilisation or some other pre-defined metric. For example: 

• Which AMR is able to deliver within the shortest time?  

• Which AMR will be more energy-efficient in delivering the payload? 

• If the delivery is en route for an AMR that is currently fulfilling other tasks, will taking on this 

additional task impact other time sensitive deliveries? 

Traffic monitor: prevents conflict between fleets by performing distributed schedule 

negotiation. It addresses the capability gaps between AMR fleets as some AMRs may be able 

to handle dynamic route adjustments while others may only be able to stick to a prescribed 

route. The traffic monitor is designed to be distributed across different machines on a network 

in order allows the different AMR vendors to keep their own fleet management systems 

independent of other vendor systems. 

Scheduler: oversees requests to and from all AMRs to infrastructural items to help to reduce 

stoppages, increase interaction efficiency and resolve conflicts. The task scheduler schedules 

https://osrf.github.io/ros2multirobotbook/ros2.html
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tasks and assigns routes to AMRs using fleet managers and receives real-time feedback from 

the AMRs on their current location and state. The task scheduler does not have specific control 

of the AMR’s route or responses to situations. The AMR needs to accept requests from the task 

scheduler for control and needs to send its status for monitoring. 

Other utilities: provides useful tools for AMR fleets enabling the AMRs to better interact with 

the environment within which it operates. These include the following: 

• Meta-map manager (MMM): facilitates and coordinates the transposition of maps of 

different fleet managers/robots into a unified coordinated system for interoperability. In 

order to integrate the fleet or individual AMR into the RMF, each AMR should be supplied 

with access maps, speed maps, coordinate system, place identifiers, place coordinates and 

other pertinent mapping information before deployment in a location. 

• Meta-infrastructure manager (MIM): controls and monitors the static infrastructure such 

as lifts, doors, pathways, lights and other static IoT devices. 

• Meta-fleet manager (MFM): exchanges different types of messages with the fleet. The 

MFM aggregates information from the meta-System and either (i) the robot’s Fleet Manager 

(in cases where a solution provider has an existing Fleet Manager) or (ii) directly from the 

robot (in cases where a solution provider does not have a Fleet Manager). Inputs include 

fleet/robot status and outputs provided include tasks for the fleet/robot to execute. 

7.2.3 External GUIs 

As different parties may use different display devices, and create and interface their own GUI 

applications for control and monitoring of robots or fleets, tasks, or other systems, the 

information transmitted between the GUI application and the meta-system should be of the same 

format as the information transmitted between the meta-system and other external systems. 

Web services are being used in the RMF for long-term interoperability. The GUI application 

displays information transmitted to the meta-system in human-readable format. This allows 

users to control the meta-system in order to direct messages to external systems. For example, 

the information associated with the creation of a task should not differ whether it is created by a 

GUI application or by an external dispatcher. 

7.3 RMF compliance 

Since RMF is designed as a flexible framework, it is not limited to standardised protocols. It 

does, however, consist of a set of standardised messages. In order to for a solution to be RMF-

compliant, the following criteria must be met: 

• Make use of RMF standard messages and commands; 

• Messages not required by the solution can be omitted. However, the sequence of 

messages sent shall be according to RMF specifications; 

• RMF messages can be sent using different protocols as there are translators available; and 

• The choice of messages and commands adopted will determine how much control RMF 

has over individual AMRs, influencing the level of compliance. The different levels of 

compliance are described in the table below: 
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Compliance 
level 

Capabilities Description 

High • Monitor robot 

locations 

• Read/assign tasks 

• Pause/resume task 

• Read/assign path 

waypoints 

• Allows RMF middleware to monitor individual 

AMRs in a fleet. 

• Able to direct individual AMRs to specific 

locations. 

• Able to pause and resume individual AMRs 

while en route to a task. 

Medium* 

 

• Monitor robot 

locations 

• Read-only tasks 

• Pause/resume tasks 

• Allows RMF middleware to monitor individual 

AMRs in a fleet, 

• Able to pause and resume individual AMRs 

while en route to a task. 

Low • Monitor robot 

locations 

• Read-only tasks 

• Allows RMF middleware to monitor individual 

AMRs in a fleet with no level of control. 

• Fleet operations must be spatially and 

temporally separated via manual scheduling. 

Requires manual deconflicting. 

Not 
compliant 

• Does not make use 

of RMF  

• Fleet operations must be spatially and 

temporally separated via manual scheduling. 

Requires manual deconflicting. 

• AMRs from other fleets are perceived as 

obstacles. 

Table 7-1: RMF compliance levels 

* This is the minimum acceptable level of deployment within commercial buildings. 
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8 RMF extension—scene understanding  

8.1 Overview of scene understanding 

 

Figure 8-1: Scene understanding within the RMF framework base architecture 

The addition of a scene understanding manager as an extension to the RMF allows AMRs to 

send video or image streams, using the pub-sub method, to be analysed on the fly. The scene 

understanding manager makes sense of the videos or images sent, identifying situational 

changes that may necessitate a change in the planned route for the AMR.  

When the scene understanding manager recognises objects of interest, the relevant information 

is passed on to the SU manager in the RMF core modules to enhance the existing decision-

making process. Vendors and operators can also create new applications or services that 

leverage the capabilities of the RMF extension. Note that any new features or applications shall 

still communicate with RMF extension modules via the RMF core, adhering to the message 

structure and transmission protocols as described in the RMF. 

Likewise, the introduction of new devices, or infrastructural elements shall also adhere to the 

message structure and transmission protocols, using translators where necessary, in order to 

communicate with the rest of the ecosystem. Applications and services shall not transmit 

commands to, or receive feedback information directly from, the AMRs or other edge devices. 

A step-by-step description of the interactions between the various components shown in the 

diagram above is provided in Annex D: Operational flow in a use-case scenario. Refer to this 
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example for more details on how scene understanding can impact the operational workflow 

when an unexpected situation arises. 

8.2 Use cases for scene understanding 

Scene understanding allows AMRs to make up for some capability shortfalls in buildings that 

have older infrastructure, for example, in cases where an AMR has to use a lift that is not 

configured for the use the extended messages described in Clause 9. RMF extension—lift 

integration. If the AMR has scene understanding capabilities, it is able to relay updated 

information of the lift status to the RMF core modules. In cases where anomalous usage such 

as humans occupying and attempting to use a lift car that has already been designated solely 

for AMRs, the dispatcher or traffic monitoring software can receive updates from an AMR via 

the scene understanding module that humans are now present in the lift, allowing the RMF core 

modules to issue new instructions to the lift and AMR on how to proceed with the planned task. 

Scene understanding capabilities also allow AMRs to be deployed for tasks other than delivery. 

For example, robust human presence and behaviour detection will enable AMRs to be deployed 

for chemical or UV-light disinfecting of locations within commercial buildings. Since the 

chemicals used for disinfecting toilets and C-grade UV-light can be harmful to humans in high 

doses, the option of having AMRs perform these tasks, particularly after hours, is helpful. 

However, in order to ensure safety in deployment, the AMR must be able to determine that no 

humans are present in its area of operation, and if there are humans present, be able to make 

suitable adjustments instead of simply aborting the task.  

Other capabilities that are being developed to enable AMRs to be deployed for other uses 

include human distance projection and face mask detection. Modules with such capabilities 

enable the use of AMRs for crowd control, acting as safe distancing officers and reminding the 

crowd to maintain a safe distance or to don face masks. 

In a survey conducted by IMDA, where the respondents included robotics vendors, technology 

partners, building owners, representatives from regulators and other government bodies, the top 

3 projected scenarios that require the use of SU capabilities were as follows: 

1. To ensure safety as an AMR enters/exits a lift; 

2. To enable dynamic route selection due to volatile environments; and 

3. To enhance obstacle avoidance capabilities. 

The top 5 detection capabilities that survey respondents wanted from SU modules were: 

1. Detection of unusual human behaviour; 

2. Detection of humans entering and exiting lift cars; 

3. Detection of the existing lift occupancy; 

4. Detection of debris along a navigation route; and 

5. Detection of no-go areas. 

The following examples illustrate how the capabilities listed above may be used in the scenarios 

selected.  

Example 1—uses capabilities 2 and 3:  The assigned lift arrives, and there are passengers 

already in the lift. The initial assessment indicates it is safe for the AMR to enter, however more 

people rush in as the AMR is about to proceed. Before proceeding, the AMR uses scene 

understanding to detect and calculate the new lift capacity based on existing occupancy and 
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new entrants to the lift car, while taking into account those who have left. The AMR determines 

if there is enough space to enter the lift car and makes adjustments to call for another lift if 

required. 

Example 2—uses capabilities 1 and 4: A crowd gathers along a planned AMR route. The AMR 

analyses the extent of the obstruction and nature of the crowd—is it assembling or dispersing? 

Scene understanding is used to detect unusual human behaviour, looking for signs that may 

imply that the safety of humans and/or the robot and goods may be compromised should the 

robot continue on its planned course. Based on results of the analysis, the AMR may proceed, 

wait or reroute. 

Example 3—uses capabilities 4 and 5: An oil leak from a restaurant kitchen in a commercial 

building occurs and there is spillage in a particular area. An ad hoc hazard zone is marked out 

by safety cones and safety tape. The presence of safety cones and tape are picked up by the 

scene understanding software which then computes a new navigation route, and updates the 

MMM with information of this temporary no-go zone so that other AMRs do not plan routes that 

require entry into it. 

8.3 Architecture 

SU modules are used to perform various tasks such as obstacle detection and localisation, 

checking if there are passengers already in the lift prior to entering, and detecting people walking 

into the lift while the AMR is in the lift car. SU modules do this by being directly connected to 

various input sources. An SU module is supported by specific AI capabilities, which process 

information from the input sources in order to understand the scene. 

The results are published to the SU manager on the RMF server. The SU manager can then 

take the published results from multiple SU modules attached to different AMRs, and perform 

additional computationally expensive processing in order to derive a higher-level understanding 

of the scene.  

Figure 8-2 illustrates the high-level software architecture of a scene understanding module, its 

constituent parts, and its inputs and outputs. 
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Figure 8-2: High level software architecture of the scene understanding module and its 
inputs and outputs 

The two most common input sources for SU modules are: 

• video streams from a static camera, i.e. from mounted cameras that are part of the 

building’s closed-circuit television (CCTV) network; or 

• video streams from dynamic cameras mounted on AMRs. 

 

Typical SU module capabilities include: 

• processing video streams from cameras; 

• localising and generating 3D metadata using the following methods: 

• distance estimation based on known object dimensions 

• distance and dimension estimation based on depth by using a stereo camera 

• distance and dimension estimation based on depth projection using a deep learning 

model; 

• publishing 3D bounding polygons to other modules in the RMF core.  

8.4 Scene understanding manager specifications 

8.4.1 Overview 

The SU manager resides in the RMF server and is responsible for performing additional 

calculations that may be impossible or too expensive to perform on an AMR or the SU module. 

For example, the manager might be used to convert a set of coordinates in an AMR’s local 

coordinate frame, to a set of coordinates in the global coordinate frame. 
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8.4.2 Input specifications 

The SU manager receives ROS2 topics that SU modules output. The exact schema of the topic 

depends on the use case. 

A common use case of an SU module is obstacle detection. In this case, objects that are 

detected are localised in order to identify them as obstacles. The SU manager is responsible for 

converting the coordinates of the detected objects based on the AMR’s local coordinate scheme 

to RMF’s global coordinate schemes. In such a case, the following two schemas are used for 

the input and output specifications in the SU manager: 

 

Object.msg 

Properties  

String object_class String of class names for the object of interest 

Coordinates[] 

object_locations 
List of locations of the detected object 

 

Coordinates.msg 

Properties  

Float32[3] center Centre of 3D location represented in [xc, yc, zc] 

Float32[3] 

dimensions 
Dimensions of detected object in meters 

Float32 yaw Rotation of the 3D bounding polygon 

8.4.3 Output specifications 

The SU manager publishes an ROS2 topic to be consumed by the relevant modules in the RMF 

server. The exact schema of the topic depends on the use case and the application of the scene 

understanding modules. 

In the case of object localisation, the SU manager converts the local coordinate scheme to the 

RMF’s global coordinate schemes. The output schemas are identical to that of the input 

schemas. 

8.5 Scene understanding module specifications 

8.5.1 Input specifications 

SU modules must receive one or more video streams. These inputs include but are not limited 

to webcam streams in RTSP format, and depth data from stereo cameras in Z16 format. Other 

video formats such as MJPEG may also be supported depending on the module. SU modules 

can also take in ROS1 or ROS2 topics as additional metadata. 

8.5.2 Output specifications 

An AMR that is the source of the video stream processes the input and publishes a message as 

an ROS2 topic. This message is consumed by the RMF core. The AMR may use this information 
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to respond in real time to a detected situation. The published information is then used by the SU 

manager for coordination and visualisation with other AMRs.  

Two examples of SU modules are described in greater detail in the following subclause. 

8.6 Examples of scene understanding modules 

8.6.1 3D object localisation module 

8.6.1.1 Description of use case scenario 

In order to detect obstacles in its path, an AMR can make use of a 3D object localisation module. 

Upon localisation of the 3D objects in its environment, the AMR then determines if the localised 

object is an obstacle or not. If it is determined to be an obstacle, the AMR responds appropriately 

by recalculating its route in order to avoid a collision. 

The SU module processes incoming video streams and publishes the results as a ROS2 topic. 

In addition to the results of the processed video stream from the 3D object localisation module, 

the SU module also receives a set of location data as an ROS1 topic, in order to place the 

detected objects in 3D space. Location data can be pre-configured for streams from static 

cameras. Properties such as the camera location, distance of the camera from the floor, focal 

length and camera angle can also be stored. For dynamic camera sources, such as those 

mounted on AMRs, the location and orientation of the AMR must be published in real time. 

When input data is received, the SU module first calls an object detection model to detect objects 

of interest in the scene and draws 2D bounding boxes around them. These 2D bounding boxes 

and the depth information are then fed to a depth estimator algorithm which calculates the 

median distance of each bounding box from the camera. 3D bounding polygons are generated 

and mapped to a 3D space based on the bounding boxes, depth map and location data. Finally, 

the 3D bounding polygons are published by an ROS2 publisher. 

8.6.1.2 Input specifications for 3D object localisation module 

The 3D object localisation module receives two inputs: 

1. A combined RGB and depth stream (RTSP + Z16) from a stereo camera; and 

2. A set of location coordinates as a ROS topic. 

The ROS topic takes the following schema: 

RobotLocation.msg 

Properties  

String robot_id String identifier of the AMR 

Float32[3] center Center of the 3D location represented in [xc, yc, zc] 

Float32 yaw Rotation of the 3D bounding polygon 

8.6.1.3 Output specifications for 3D object localisation module 

The 3D object localisation module publishes an ROS2 topic, ObjectLocations, containing a 

list of all the 3D bounding polygons that correspond to objects of interest that were detected in 

the module, along with the predicted class of each object (e.g. wheelchair, safety cone, person). 
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The ObjectLocations topic takes the following schema: 

ObjectLocations.msg 

Properties  

String robot_id String identifier of the AMR 

Object[] objects List of objects of interest 

 

Here robot_id refers to the unique identifier of the AMR and objects is a list of 3D bounding 

polygons that have been detected. The following two schemas define Object and Coordinates 

respectively: 

Object.msg 

Properties  

String object_class String of class names of the objects of interest 

Coordinates[] 

object_locations 
List of locations of the detected objects 

 

Coordinates.msg 

Properties  

Float32[3] center Center of 3D location represented in [xc, yc, zc] 

Float32[3] 

dimensions 
Dimensions of detected object in meters 

Float32 yaw Rotation of the 3D bounding polygon 

 

8.6.2 Lift safe-entry module 

8.6.2.1 Description of use case scenario 

In cases where it has been decided that AMRs shall not share lifts with human passengers, a 

lift safe-entry module provides detection capabilities 2 (detection of humans entering and exiting 

lift car) and 3 (lift existing occupancy detection) in from the top 5 list of desired scene 

understanding capabilities as described in 8.2 Use cases for scene understanding. It takes in 

a video input and returns a Boolean “go” or “no go” depending on the situation at the lift. If, for 

instance, there are no humans around, it will return “go”. This is to ensure the safety of lift 

passengers, as no human should be around when the AMR is using the lift. 

8.6.2.2 Input specifications for lift safe-entry module 

The lift safe-entry module takes in two inputs: 

• A video stream of type RTSP 

• A ROS2 topic of type LiftEntryRequest. 

The lift safe-entry module detects if humans are in the lift car or if humans are exiting the lift car 

in order to arrive at the instruction to “go” or “no go.” The module takes the following schema: 



Technical Guidelines for use of Autonomous Mobile Robots 
for Delivery within Commercial Buildings. 

  

 
 

   
 
 

32 

LiftEntryRequest.msg 

Properties  

String robot_id String identifier of the AMR 

Bool 

LiftEntryRequest 
Boolean value that denotes whether or not to call the ML model 

Integer InLift Integer that denotes whether or not the robot is inside (1) or 
outside (2) the lift 

 

For performance reasons, the module will only call the machine learning model if 

LiftEntryRequest is true. 

8.6.2.3 Output specifications for lift safe-entry module 

The lift safe-entry module publishes an ROS2 topic, LiftEntryState, that denotes whether 

the lift is safe to enter (“go”) or not (“no go”). This ROS2 topic takes the following schema: 

Properties  

String robot_id String identifier of the AMR 

Bool LiftEntryState Boolean value that denotes whether or not to continue with lift 
operation  

 

8.6.3 Other modules 

An SU module may also be augmented with other modules in order to expand its capabilities 
(subject to hardware constraints). SU modules can be used to perform tasks such as face mask 
detection, or crowd density calculation for compliance with safe distancing rules. 

8.7 Scene understanding module deployment 

The figure below shows an example of a deployment that uses the two SU modules described 

in 8.6.1 3D object localisation module and 8.6.2 Lift safe-entry module. As the AMR travels 

within the building, it sends video streams to be processed by an obstacle detection SU module 

which leverages an edge computing node for processing.  

As the AMR approaches a lift, the lift safe-entry module gives the AMR the go ahead upon 

ascertaining that there are no other humans in the lift car.  
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Figure 8-3: Sample deployment of scene understanding modules 

Note that the components depicted in the diagram are selectively shown. The illustration is not 

a comprehensive representation of the various modules’ components. 
 

9 RMF extension—lift integration 

9.1 Overview of extended lift integration capabilities 

The following messages have been created as add-ons to the standard suite of messages 

currently in use in the RMF in order to allow for greater interaction between the AMR and lift. 

The standard suite of messages is described in TRXX: Data interchange between robots, lifts 

and automated doorways to enable autonomous operations.  The messages that are part 

of this extension address requirements for non-scheduled tasks to complement the dynamic 

decision-making capabilities of the AMRs. These messages enable the AMR to initiate 

interactions with the lift for time-out handling and to address other unplanned scenarios. 

In this architecture, the node shall take in commands from the fleet manager that is part of RMF 

to communicate with the lift, while the lift shall respond with the feedback to the node on its 

status. This architecture allows for the eventual implementation of many-to-many sharing of 

multiple lifts by multiple robots. It also allows for the use of enriched sensor data such as the 

output of scene understanding or other such extensions to facilitate better decision-making for 

the AMRs. The communications between robot FM/RMF middleware and lift is made possible 

using a common node, and is described in refer to Programming Multiple Robots with ROS2 

published on https://osrf.github.io/ros2multirobotbook/ros2.html 

https://osrf.github.io/ros2multirobotbook/ros2.html
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Figure 9-1: Schematic architecture of the system layout between FM/RMF middleware, 
common node and lift controller. 

9.2 Method of communication between common node and lifts 

The basic method of communication between the AMRs and the lifts is via a common node. 

RMF uses a common node to connect to multiple lift controllers through an RS485 link. Having 

a common node allows the RMF middleware to gain access to multiple lift controllers, facilitating 

a multi-AMRs-to-multi-lifts configuration. 

The common node should be located near the lift controllers or within effective communication 

distance for RS485 links. The status of each lift shall be sent from the lift controller to the 

common node, and vice versa, in real time. Lift commands can be sent to the lift controller from 

the common node. Refer to Annex C for details of communication specification and protocol. 

9.3 Extended message specifications 

9.3.1 Extended robot-to-lift commands (via common node) 

The following message is an add-on to allow logic for time-out handling in unexpected situations 

where the AMR sends information about deviations from the scheduled task caused by 

environmental factors via the scene-understanding module. 

Command message Description  Remarks 

Request floor  AMR Entry Floor  

Destination Floor AMR Exit Floor  

Lift ID Lift Car ID  

Door 1 open To holding the lift door open This signal is to be sent 
continuously as needed. 

Door 2 open To holding the lift door open 

Hall call disable To disable hall call response  
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AMR-in-Car For time-out handling and to 
disable calls via user panel in 
the lift car 

Disabling the lift car panel after 
AMR-in-car signal is received 
can be used to discourage 
passengers from sharing the lift 
car when AMR is present. 

 

Table 9-1: Robot-to-lift message add-on for time-out handling in unexpected situations 

9.3.2 Extended lift-to-robot feedback (via common node) 

The following message is an extension to what is commonly in use and is an add-on to allow 

logic for time-out handling in unexpected situations where the AMR sends information about 

deviations from the scheduled task caused by environmental factors via the scene-

understanding module. 

Command message Description  Remarks 

AMR-Ready  Lift is ready for AMR to use Lift is stationary for 
15s with doors closed 

Lift ID Lift Car ID  

Door 1 Fully opened Lift door is fully opened  

Door 2 Fully Opened Lift door is fully opened  

Lift Current Floor Lift present floor  

Lift Arrived at 
Request Floor 

Lift has arrived at request floor Lift at door opening 
zone 

Lift Arrived at 
Destination Floor 

Lift has arrived at destination floor Lift at door opening 
zone 

AMR-in-Car Trouble Anomaly AMR operation detect when 
inside lift car 

*Refer to 9.5 
Detection logic for 
AMR anomaly when 
inside lift car for 
detection logic 

Home Completed Lift has returned to homing floor during 
emergency operation 

*Refer to 9.5 
Detection logic for 
AMR anomaly when 
inside lift car for 
AMR reaction under 
different modes 

Lift Operation Mode 0 = Normal Automatic Operation 

1 = Code Red 

2 = Code Blue 

3 = Code Green 

 

Table 9-2: Lift-to-robot message add-on for time-out handling in unexpected situations 



Technical Guidelines for use of Autonomous Mobile Robots 
for Delivery within Commercial Buildings. 

  

 
 

   
 
 

36 

9.3.3 Lift initialisation 

The following message is an add-on to allow logic for an AMR to assess if a lift is suitable for 

carriage for a task at hand when a previously assigned lift has become unavailable due to 

unforeseen circumstances. 

Command message Description  Remarks 

Lift ID Indicate the lift ID or Index a group from 
the same lobby 

 

Available Floors at 
Door 1 

Serviceable floor for front side  

Available Floors at 
Door 2 

Serviceable floor for rear side  

Rated Capacity Rated load of lift in kg  

Cage Width Car internal width in mm  

Cage Depth Car internal depth in mm  

Land Door Width Landing door width in mm  

With Door 2 Lift with 2 doors  

Door 2 Position Position of second door (side or rear)  

Table 9-3: Message add-on to assess if a lift is suitable for carriage 

9.4 Sequence of command exchange under extraordinary operations  

Under normal operations, the lifts operate in either passenger mode or automated guided 

vehicle (AGV) mode. The sequences and message exchanges under these modes are 

described in detail in Annex D—Operational flow in a use-case scenario. 

When lift operations are disrupted by extraordinary circumstances, additional operational modes 

come into play. Three additional modes and the recommended response from AMRs in each of 

these situations are described as follows: 

LIFT OPERATION MODE 

Recommended 

response for AMR 

waiting outside lift 

Recommended response for AMR 

inside the Lift 

Code Blue 

- Emergency operation 

- Fireman operation 

Do not get on the lift Wait for Home Completed and 

Door 1 or 2 Fully Opened status 

and get out of lift 

Code Red 

E.g. 

- Maintenance operation 

Note: 

Do not get on the lift Lift may not be in door level zone. 

Stay in lift until Maintenance 

personnel to arrive or manual 

intervention 
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Maintenance personnel 

should wait for AMR to 

complete its operation 

before switching to 

Maintenance operation 

- Failed to start 

Code Green 

E.g. 

- VIP operation 

- Parking operation 

Do not get on the lift Wait for Door 1 or 2 Fully Opened 

status and get out of lift 

Table 9-4: Additional modes and recommended responses for extraordinary 
circumstances 

9.5 Detection logic for AMR anomaly when inside lift car 

This sub-clause describes how an AMR anomaly is detected after entering the lift. When an 

anomaly is detected, the AMR-in-Car Trouble signal is activated by the lift so that FM/RMF 

middleware can be informed to take necessary counteraction. The diagram below illustrates the 

procedure by which the lift car detects anomalies and activates the AMR-in-Car Trouble signal.  

 

Figure 9-2: Detection workflow for AMR 
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10 Hardware and infrastructure requirements 

10.1 Lifts 

10.1.1 Types of lifts 

There are two broad categories of lifts as defined in the Singapore Standard – SS 550. Both 

types of lifts are able to interface with an AMR. 

• Passenger lifts includes fire lifts, passenger lifts and service lift. 

• Goods lift includes goods lift or cargo lifts. 

10.1.2 Recommended specifications 

The recommended lift specifications required for interfacing between the lift and the AMR are: 

Internal size (min) : 1.2 m (width) x1.4 m (depth) 

Door width (min) : 0.8 m 

Lift loading capacity (min) : 680 kg 

Lift levelling accuracy  : within 10 mm, static value on initial stopping 

Lift re-levelling system : during loading/unloading when the levelling is drifted beyond 

     20 mm, lift re-levelling function will be activated to bring the  

     levelling back to ±10 mm. However, for full capacity impulse

     loading, the dynamic levelling drift can be up to 50 mm. This 

     may potentially cause the AMR to topple. To avoid such a  

     scenario, it is recommended that the AMR gross weight to be 

     limited to 50% of lift rated capacity. 

Sill-to-sill gap (max) : 40 mm 

Car Platform Area  : ≈ 0.2 m2 / pax for lift (refer to Annex E for detailed information) 

10.1.3 Lift landing area 

There are no specific floor space requirements as long as there are no features that may 

physically block the AMRs access to the lifts. (e.g. bollards erected in front of the lift doorway, 

etc.) 

10.2 AMRs 

10.2.1 Recommended physical specifications 

AMRs shall comply to the following physical specifications: 

• Weight: maximum gross weight 300 kg or up to 50% of the lift’s rated loading capacity, 

whichever is lower. 

• Robots must be able to be manually pushed by operators comfortably when the brakes are 

released, as needed. Weight should be equally distributed, and centre of gravity should 

favour stability. 

• Footprint of AMR: Car platform area ≈ 0.2 m2 / pax for lift (Refer to Annex E). 

• Wheels: should not leave marks on tiles and ground surfaces when moving and rotating. 



Technical Guidelines for use of Autonomous Mobile Robots 
for Delivery within Commercial Buildings. 

  

 
 

   
 
 

39 

• Ground clearance: sufficient to overcome small obstacles, humps and cables. 

• Load surface/ live loading: to comply with BCA’s regulation. 

• Ingress protection rating: at least IP54. 

• Payload: Up to 250 kg of delivery goods; 

• Speed: Less than 5km/h when in operation; 

• Drivetrain: suitable method to allow the proper turning radius for AMR to manoeuvre around 

junctions, ramp and tight spaces; 

• Climb grade: Be able to handle at least 15-degree slope with requirement to overcome 

ramp with slope gradient 1:12. 

• Aesthetics: Appearance of the AMR should be friendly-looking, unobtrusive and not 

intimidating. 

10.2.2 Recommended technical specifications 

AMRs shall possess to the following technical capabilities: 

• Power: sufficient power to overcome humps, slopes, and lift gaps. 

• Battery system: A single point of interface, i.e. self-charging dock, to charge and power all 

sub-system and external hardware. 

• Charging: to have self-charging dock and charging unit for AMR. 

• Runtime: up to 6 hours of continuous operation. 

• Charge time: 3 hours to full charge. 

• Health sensors: AMR should include temperature and other sensors to monitor the health of 

the robot base and other sub-systems. 

• Encoders: wheel positional feedback with an accuracy of +/- 3 cm for translational for every 

1 meter, +/- 10 degrees for every 1 rotation. 

• Driver ROS package: Available ROS interface to the robot base platform. 

• Topics that could publish information from the robot base such as battery voltage, motor 

currents, odometry, and velocity and acceleration controls. 

• Such topics could be subscribed to via the ROS package and command topics can be 

executed to control the robot base. 

• Sensors: Use available ROS wrapper that could publish the sensor data (e.g. point cloud 

data) in ROS format. 

• Ports: AMRs to possess an RS232 port at 115,200 baud for serial communications. 

• Mechanical buttons: All AMRs shall have an emergency button exposed and brake release 

buttons concealed in a secured area within robot’s body. 

• PC: Installed with Ubuntu 16.04 and ROS Kinetic. 

10.2.3 Recommendations for AMR housing unit 

To ensure security of the AMRs, the housing unit—the body of the AMR—shall have the 

following features: 

• a brake release button and all electronic components should be concealed in a secured 

storage area within the AMR’s housing unit; 

• the housing unit can only be unlocked by authorized personnel; and 

• when lock is being tampered, IMO is to be notified. 
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10.2.4 Additional AMR features 

For security purposes, the AMR should have: 

• 24/7 recording from front and back cameras; 

• speakers, LEDs and/or display screens shall be available to communicate with members of 

the public to ensure safe human-AMR interactions; and 

• strobe lights are to be added at the top of the AMR for greater visibility, and to warn 

vehicles and pedestrians when necessary. 

11 Safety function performance levels for AMRs 

11.1 Definition of performance levels 

The following sub-clause provides measurable performance requirements for a range of 

functions that AMRs should meet in order to ensure that they are safe for deployment in 

commercial buildings. These functions include parameters such as braking performance, force 

control, contact sensing and others that contribute to the AMRs ability to respond safely to 

hazards. The required performance level (PLr) is represented by a letter grade which is given 

for each function, in each class of AMRs. This provides a framework for targeting and realising 

risk reduction in different areas of operations. 

The PLr letter grade represents the range within which the risks associated with a safety function 

can be measured. Table 11-1 below describes the probability of dangerous failures for each 

PLr. Annex E provides detailed description of how the PLr’s are measured and derived. 

Required Performance Level  
(PLr) 

Probability of Dangerous Failure per Hour (PFHd) 1/h 

a ≥10-5 and <10-4 

〈0.001% to 0.01%〉 

b ≥3 × 10-6 and <10-5 

〈0.0003% to 0.001%〉 

c ≥10-6 and <3 × 10-6 

〈0.0001% to 0.0003%〉 

d ≥10-7 and <10-6 

〈0.00001% to 0.0001%〉 

e ≥10-8 and <10-7 

〈0.000001% to 0.00001%〉 

Table 11-1: Required performance levels and probability of dangerous failures. 

As the kinetic and braking performance of an AMR can vary significantly due to its size and 

weight, AMRs have been divided into three classes based on their nett weight. Table 11-2 
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summarises the required performance levels for three classes of AMRs: small (<10 kg); medium 

(10-300 kg); and large (>300 kg). The sub-clauses that follow will look at these safety functions 

in more detail to describe the scope and requirements of each safety function. 

Safety Functions Types of delivery AMR (by footprint) 

Small (<10 kg) Medium (10-
300 kg) 

Large (>300 kg) 

Emergency stop c d d 

Protective stop b d e 

Braking performance b d e 

Limits to operational space  b d e 

Speed control b c e 

Force control b c e 

Stability control c d e 

Travel surface sensing b c e 

Contact sensing b c e 

Object detection b d e 

Obstacle and collision avoidance c d e 

Table 11-2: Safety functions and their corresponding PLr’s 

11.2 Safe stopping 

The AMRs deployed must be able to stop safely when braking at any speed. Safe stopping 

means that the AMR stops at the expected point without any rollovers or runaways, without 

allowing robotic parts to be dislodged or drop and maintains control of the payload.  In addition, 

the AMR shall: 

(a) stop upon interruption of the power supply; 

(b) stop upon the loss of any critical control function; 

(c) stop within the operating range of the detection sensors, taking into account the 

specified limits on all parameters, e.g. load, speed, travel surface, gradient and 

expected wear condition of the robot's parts; and 

(d) render itself and its maximum allowable load stationary on the maximum 

operational travel surface gradient as specified by the manufacturer. 

The AMR shall also have a protective stop function and an independent emergency stop 

function. These functions can connect to external protective devices optionally, and an 

emergency stop output signal may be provided. 

The following table is a comparison of emergency and protective stops: 
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Function Emergency stop  Protective Stop 

Purpose Emergency Risk reduction 

Stop category  

(as per IEC 60204-1) 

0 or 1 0,1 or 2 

Initiation Manual Manual, automatic, or automatically 
invoked by a safety related function 

Reset Manual only Manual or automatic 

Frequency of use Infrequent Often  

Effect Remove power from 
actuators  

Safely avoid or mitigate the hazard 

Table 11-3: Comparison of emergency and protective stops 

11.2.1 Emergency stop 

The requirements for AMRs performing an emergency stop are that it shall: 

(e) conform to requirements of IEC 60204-1, and takes precedence over all other 

robot controls; 

(f) cause all controllable hazards to stop; 

(g) determine if the robot is in a safe state, then remove drive power from the robot 

actuators; and 

(h) remain active until it is reset. 

The emergency stop function shall preferably be triggered via physical button(s) directly on or 

near the AMR. The function may also be invoked via a command device (e.g. speech interface, 

computer screen-based or remote applications). If the emergency stop function is not triggered 

directly via a physical button, the function shall be tested to ensure that the reliability and 

responsiveness of the function is equal to button-based emergency stop facilities. 

Selection of a category 0 or category 1 stop for the function shall be determined from the risk 

assessment, according to IEC 60204-1. The emergency stop device shall be designed in 

accordance with IEC 60204-1 and ISO 13850. The recommended emergency stop PLrs for the 

various classes of AMRs when deployed in commercial buildings are shown in Table 11-4 

below. 

 

Function Types of delivery AMR (by footprint) 

Small (<10 kg) Medium (10-300 kg) Large (>300 kg) 

Emergency stop c d d 

Table 11-4: Required performance levels for emergency stop of delivery AMRs to 
commercial buildings 
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11.2.2 Protective stop 

Once a hazardous situation is detected, the protective stop functions shall terminate all robot 

motion by removing or taking over control of power to the robot drive actuators, and/or allow for 

the control of any other hazard mitigation functions controlled by the AMR. The stop may be 

initiated manually or by control logic. The AMR shall require a manual restart, unless the AMR 

has been configured with logic, such as that which SU modules provide, to adequately assess 

that the hazardous situation has been properly diffused and is equipped to perform an automatic 

restart. 

The AMR may have category 2 protective stop functions as described in IEC 60204-1. Refer to 

Table 11-3: Comparison of emergency and protective stops. Any unintended motion of the 

AMR in the stand-still and stable condition, or failure of the protective stop function shall result 

in a category 0 stop, as defined in IEC 60204-1. The recommended protective stop PLrs for the 

various classes of AMRs when deployed in commercial buildings are shown in Table 11-5 

below. 

 

Function Types of delivery AMR (by footprint) 

Small (<10 kg) Medium (10-300 kg) Large (>300 kg) 

Protective stop b d e 

Table 11-5: Required performance levels for a protective stop of delivery AMRs to 
commercial buildings 

11.2.3 Braking performance 

Braking performance shall be sufficient to avoid a hazardous collision with any obstacle while 

the AMR is travelling at its rated speed and its rated payload under all travel surface conditions 

that are within its rated specifications. 

AMR shall be able to stop in front of objects (e.g. cage TU) at a safe distance under all intended 

operating conditions—with or without payload, while travelling at different speeds, and under the 

worst expected travel surface conditions as determined by risk assessment. 

Where possible, the AMR shall be able to detect the surface conditions in advance and avoid 

dangerous surface conditions. The recommended braking PLrs for the various classes of AMRs 

when deployed in commercial buildings are shown in Table 11-6 below. 

 

Function Types of delivery AMR (by footprint) 

Small (<10 kg) Medium (10-300 kg) Large (>300 kg) 

Braking performance b d e 

Table 11-6: Required performance levels for the braking performance of a delivery AMR 
to commercial buildings 
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11.3 Limits to operational space 

To reduce the risk of an unintentional collision, the AMR’s motion and the reach of its moving 

parts should be constrained within a defined volume. Areas outside of this defined volume make 

up exclusion zones. Exclusion zones shall be specified in software by a human operator familiar 

with the operating environment of the AMR. 

When defining the operational boundaries and setting exclusion zones for the AMR, due 

consideration must be given to the distance required for stopping by a fully loaded AMR moving 

at its maximum allowable speed. For example, if an AMR transporting a full payload requires 

10cm to come to a halt from full speed, the boundaries of the operational zone need to include 

such a buffer between the navigable area and the area to avoid (e.g. a water feature). The 

calculations to set the boundaries shall be done in 3D space. 

Software controlling and monitoring operational boundaries of the AMR shall be changeable 

only by authorised personnel. If the software limit is violated, a safe state shall be initiated. 

Motion during a limit violation shall be corrected using safety-related speed controls. Active 

settings and configuration of the safety limits shall be recorded so that changes to the 

configuration can be easily identified and reviewed for audit purposes. The recommended PLrs 

when limiting and controlling operation space for the various classes of AMRs when deployed 

in commercial buildings are shown in Table 11-7 below. 

 

Function Types of delivery AMR (by footprint) 

Small (<10 kg) Medium (10-300 kg) Large (>300 kg) 

Limits to operational 
space  

b d e 

Table 11-7: Required performance levels for the limits to operational space of a delivery 
AMR in commercial buildings 

11.4 Speed control 

Speed limits shall be then be set for the AMR and be configured via speed control software. All 

accessible moving parts of the AMR shall be subject to assessment in order to determine the 

appropriate speed limits. Once defined, only authorised persons shall be allowed to adjust the 

speed limits. 

Depending on the task(s) to be executed and the state of the AMR (loaded or unloaded), more 

than one set of speed limits may be required. The operator is to perform risk assessment to 

determine the appropriate speed limit for each situation and when to switch from one 

configuration to another. The speed controls shall be designed and constructed so that in the 

event of a fault, the speed of any part on the AMR shall not exceed the speed limits, and a safe 

state shall be issued. The required performance level of the speed controller for each category 

of AMR when deployed in commercial buildings shall conform to the following table. 
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Function Types of delivery AMR (by footprint) 

Small (<10 kg) Medium (10-300 kg) Large (>300 kg) 

Speed control b c e 

Table 11-8: Required performance levels for the speed control of a delivery AMR in 
commercial buildings 

11.5 Force control 

The force exerted on humans, animals, or other objects by any part of the delivery AMR should 

be controlled within the maximum safe contact criteria, such as force limits. 

Quantitative requirements on the maximum safe contact force/torque should be thoroughly 

examined through ergonomic experimentation. The limits of the exerted force during unintended 

contact with humans, animals or other objects may differ with application and shall be 

determined by risk assessment. 

Safety-related force control shall be achieved by a contact sensing and reaction scheme that 

brings the delivery AMR to a safe state in which this force threshold cannot be exceeded. 

The reaction to an unintended contact should at least: 

(a) be fast enough for contact forces to remain below safety-related force limits; and 

(b) bring the AMR into a safe state after contact. 

The required performance level of the AMR force controllers for each category of AMR when 

deployed in commercial buildings shall conform to the following table: 

 Types of delivery AMR (by footprint) 

Function Small (<10 kg) Medium (10-300 kg) Large (>300 kg) 

Force control b c e 

Table 11-9: Required performance levels for the force control of a delivery AMR in 
commercial buildings 

11.6 Stability control 

For safe and reliable motion, the AMR must maintain stable contact with the traveling surface 

while avoiding slippage. To assess the stability of the AMR, its base width, and height of the 

centre of mass must be considered. It may be necessary to add extra weight near the base of 

the AMR, or increase the base width in order to account for the weight distribution of the robot 

and its potential maximum payload, and the effects of the motor torque. 

The AMR shall have the ability to examine the traveling surfaces for its gradient and friction. It 

should also be aware of the trajectory model of its payload and should know how to approach a 

ramp to maintain stable motion. Due consideration must be taken for the effects of a towed 

payload and handling complex surfaces such as uneven and/or slippery slopes. 

The required performance level of the stability controllers for each category of AMR when 

deployed in commercial buildings shall conform to the following table: 
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 Types of delivery AMR (by footprint) 

Function Small (<10 kg) Medium (10-300 kg) Large (>300 kg) 

Stability control c d e 

Table 11-10: Required performance levels for the stability control of a delivery AMR in 
commercial buildings 

11.7 Environmental sensing 

11.7.1 Travel surface sensing 

This function includes the sensing of travel surface properties (e.g. friction coefficients and 

roughness), travel surface geometry (e.g. gradient), and scene semantics (e.g. kerbs, steps, 

stairways and gaps). The AMR shall apply the sensing to avoid hazards and instability. 

The AMR shall be capable of sensing or detecting surface geometry and environmental 

conditions that pose unacceptable risk levels to its stability, following which analysis shall be 

made to ascertain if it is safe for the AMR to continue travelling on its projected path. This means 

of determination may be on-board or off-board (where sensory data is sent to a cloud server to 

calculate detection results). This capability enables the AMR to judge whether it is possible to 

travel through the monitored areas. 

The building owner may also deploy infrastructural markers such as RFID tags, magnetic tape 

or other physical items in strategic positions within the building to assist in AMR navigation. 

Ensure that such markers are deployed in sufficient quantity to eliminate blind spots for the 

AMR. The recommended PLrs for travel surface sensing for the various classes of AMRs when 

deployed in commercial buildings are shown in Table 11-11 below. 

 

 Types of delivery AMR (by footprint) 

Functions Small (<10 kg) Medium (10-300 kg) Large (>300 kg) 

Travel surface sensing b c e 

Table 11-11: Required performance levels for the travel surface sensing of a delivery 
AMR in commercial buildings 

11.7.2 Contact sensing 

This function is required for human-robot-interaction, where the AMR has to safely detect even 

small contact forces and react to them in an appropriate manner. Where necessary, contact 

detection shall include the following capabilities: 

• Contact should be detected along the entire robot structure (i.e. on joint level). 

 

• The contact forces should be limited to appropriate values as determined by risk 

assessment and localised testing. It is advisable to also refer to limits stated in other 

technical standards and scientific publications. 
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Contact sensing used to detect persons shall conform to the requirements of the relevant parts 

of ISO 13856. If objects other than humans are to be detected, the required detection capability 

and reliability shall be determined by risk assessment. 

Pressure-sensitive protective equipment (PSPE) (e.g. pressure-sensitive edges, bars, devices, 

bumpers, plates, wires) should be used to prevent hazardous impacts. These contact sensing 

devices shall conform to the safety requirements in accordance with the AMR risk assessment 

and reduction measures. 

The recommended PLrs for contact sensing for the various classes of AMRs when deployed in 

commercial buildings are shown in Table 11-12 below. 

 

 Types of delivery AMR (by footprint) 

Functions Small (<10 kg) Medium (10-300 kg) Large (>300 kg) 

Contact sensing b c e 

Table 11-12: Required performance levels for contact sensing of a delivery AMR in 
commercial buildings 

11.7.3 Object sensing 

This function should be applied to avoid collisions. AMRs shall be able to detect both stationary 

and moving obstacles of different shapes and sizes, including humans, domestic animals, and 

other objects commonly found in a commercial building environment. The AMR shall be 

endowed with object detection devices, to ensure compliance with the minimum safety distance 

from these objects, reduction of approach speed, and to minimise the unintended contact forces 

between an obstacle and the AMR. 

When the AMR is required to detect humans, non-contacting electro-sensitive protective 

equipment (ESPE) according to the relevant parts of IEC 61496 should be used. 

If a non-contacting ESPE is used, it shall have appropriate reliability in its detection and 

operation in accordance with the AMR’s risk assessment and reduction. 

When the AMR is to detect objects other than humans, other non-contact sensing equipment 

than ESPE can be used, and the detection performance and reliability shall conform to the 

requirement determined by risk assessment and reduction. 

Detection of one or more objects within a minimum distance shall cause the AMR to come to a 

safe state, either by initiating a protective stop or initiating a safe speed reduction by the means 

of a speed control, so as to maintain a separation distance from the object(s). Where the 

detection of humans is required the minimum distance shall be determined according to ISO 

13855 guidelines. 

ISO 13855’s general formula for the minimum safe distance is: S = (K x T) + C, where S is the 

minimum distance in mm, K is the human approach speed in mm/s, T is the total stopping time 

in seconds and C is the intrusion distance. 

Where the detection of non-human objects (i.e. domestic animals, walls, furniture and doors) is 

required, the separating distance should be determined according to ISO 13855, but excluding 

the intrusion distance parameter "C”. 
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If the AMR is equipped with a non-contact sensing device that can accurately provide the relative 

approach speed of humans, this value may replace the parameter K in the formulae of ISO 

13855. The AMR may then determine the worst-case relative speed between the robot and the 

approaching humans. The performance level of the non-contact sensing device should not 

degrade the performance level of the required safety function. 

The recommended PLrs for object detection and collision avoidance for the various classes of 

AMRs when deployed in commercial buildings are shown in Table 11-13 below. 

 Types of delivery AMR (by footprint) 

Functions Small (<10 kg) Medium (10-300 kg) Large (>300 kg) 

Object detection b d e 

Obstacle and collision 
avoidance 

c d e 

Table 11-13: Required performance levels for object, obstacle and collision sensing of a 
delivery AMR in commercial buildings 

12 Safety recommendations 

12.1 Hazard identification and categorization 

Potential hazards in the deployment of AMRs for deliveries in commercial buildings have been 

collated and recommendations for mitigation are adapted from published standards, where they 

exist, since safety standards pertaining to the use of robots in industrial settings or in close 

contact with humans (i.e. personal care robots) have been developed and in use for some time. 

The hazard descriptions and consequences for these known risks are contextualised for this 

use case here. 

However, there are hazards that are not described in existing standards as they are specific to 

this use case, in particular hazards relating to AMRs operating in conjunction with TUs. These 

hazards are also discussed in the following sub-clauses and recommendations provided. This 

collated list provides convenient reference for building owners, technical partners or other 

stakeholders as to the mitigating actions that need to be considered prior to deployment. The 

identified hazards have been categorized under the following broad groups: 

• mechanical hazards, 

• electrical hazards, and 

• environmental hazards. 

and further subdivided into whether they apply to the AMR, the cage transport unit (TU), or are 

related to software or operational issues for ease of reference by the relevant stakeholders. 
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12.2 Safety recommendations 

12.2.1 Cage mechanical hazards 

The following table describes mechanical hazards that are specific to the use of TU cages by 

AMRs. While hazards relating to robot payloads may have been discussed in general in other 

standards, the use of TU cages form an essential part of the AMR delivery services in 

commercial buildings and present hazards that are different from those in scenarios where the 

payload may be carried directly on the robot, rather than latched separately. 

No. Hazard description  

 

Potential consequence Recommendation 

1 Inadequate securing 
of cage to the AMR. 

Injury to humans and 
damage to cage and 
goods. 

Introduce robust features to physically secure 
cage to AMR. Complement with ability to 
provide confirmation via software that cage is 
secure. 
 

2 Human limbs caught 
between lift door and 
TU cage. 

Injury to humans. Door gap must be wide enough to prevent 
injuries.  
 
Use warning labels to create awareness of 
physical boundaries where applicable. 
Software controlling robot navigation needs to 
include calculations for minimum space 
required between robots and known physical 
boundaries. 
 

3 Sharp edges, 
corners, protruding 
parts and 
peripherals on the 
TU cage. 

Injury to humans. Select profiles such as cylindrical rods 
(rounded without edges), and use streamlined 
overall form factor as rectangular profiles may 
case pinching, and protrusions increase the 
risk of unintended contact. 
 

4 Moving parts on TU 
cages such as 
hinges and wheels 
coming loose or 
getting stuck. 
 

Faulty operations 
resulting in damage to 
equipment, goods or 
injury to humans.  

Ensure that parts such as castors are made of 
durable materials suitable for the payload 
range. Check for signs of wear and tear 
regularly to service or replace as necessary. 

5 TU cage not secured 
during AMR latching 
procedure. 

TU cage is moved 
during latching 
procedure and AMR 
moves off with cage not 
securely docked. 
 

Cage wheels to be locked when docking.   

6 Inadequate latching 
mechanism for items 
stored on the TU 
cage. 

Goods falling out of 
cage, or moving within 
TU cage while en route, 
creating unforeseen 
changes to kinematic 
properties of the moving 
unit resulting in 
instability 
 

Introduce latching features within the cage to 
minimise movement of goods within TU cage. 
Ensure that these features are adequately 
labelled. Locking mechanism shall be installed 
on the TU cages to prevent tampering with or 
pilferage of items placed within the TU cages. 

7 TU cage has high 
centre of gravity. 

Stability of the cage 
easily affected when 

Design cages with low centre of gravity, even 
when goods are unevenly loaded.  
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goods are 
loaded/unloaded. 
Potential toppling of 
cage with AMR. 
 

Establish process for loading/unloading of 
goods that maintains cage stability at all times. 

8 Cage not designed 
with proper sealing. 

Undesired damage to 
cage and/or goods. 

Ensure the IP requirements are established 
and adhered to, based on the projected use. 
Design with appropriate IP ratings. 
 

9 Structural integrity of 
cage is 
compromised due to 
incorrect selection of 
material properties. 
 

Damage to the cage 
and/or goods. Structural 
failure of TU cage 
during use resulting in 
injury to humans. 

Select correct material properties for the cage. 
Ensure that TU cage trolley design and 
manufacturing follows the ISO 9001 standard 
for quality management process. 

10 Poor visibility of 
cage. 

Collision with humans in 
low visibility situations 
resulting in injury. 

Ensure that TU cages have high visibility 
features (e.g. reflective stickers) and can give 
audio warnings. 
 

11 Improper latching of 
the TU cages to the 
AMR 

Safety during 
movement is 
compromised. AMR 
may not have full 
control of TU cage, 
resulting in instability, 
injury to humans and 
damage to building or 
payload. 
Damage to latching 
mechanism during 
accidental detachment 
of TU cage may occur. 

The AMR is able to determine both it and the 
TU cages are positioned appropriately prior to 
commencing the latching procedure. 
 
During the latching procedure, the AMR shall 
be stationary in order to minimise the chance 
of damage to other AMRs or TU cages. 
 
The AMR  has the capability to detect 
improper attachment of the TU cages and 
respond appropriately- e.g. take necessary 
action to come to a safe state and generate a 
visible/audible warning. 
 
The AMR is designed such that any 
unintended separation of the payload transport 
unit from the AMR will cause the AMR to 
switch to a safe state. 
 

Table 12-1: Cage mechanical hazards 

12.2.2  Cage electrical hazards 

The following table describes electrical hazards that may arise from the use of TU cages by 

AMRs. 
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No. Hazard description  

 

Potential 
consequence 

Recommendation 

1 Electronic 
components used in 
cages do not meet 
Singapore Safety 
Guidelines. 

Component failure 
can lead to 
malfunction, 
possibly causing 
damage to goods 
or injuries to 
humans. 
 

Ensure all components used meet Singapore 
Safety Guidelines. 

2 Static electric 
charges build up on 
cage surfaces 

Possible 
electronical 
malfunction. 

Introduce grounding features on the cage. 

Table 12-2: Cage electrical hazards 

12.2.3 AMR software hazards 

The following table describes hazards that can be addressed by software enhancements for the 

AMRs. While variations of such hazards may have been identified and described in other 

standards, the recommendations here are contextualised for the use of AMRs performing 

delivery services in commercial buildings and take into consideration the IT ecosystem that 

typically exists in such a scenario. 

No. Hazard description  

 

Potential 
consequence 

Recommendation 

1 Inadequate 
capability to co-
share lift and other 
confined spaces with 
humans. 
 
AMR cannot 
properly sense the 
number of humans 
in a lift, and their 
respective positions 
and orientations.  

AMR moves 
inappropriately into 
a small space 
between humans, 
causing stress or 
injury to humans. 
 
AMR is unable to 
plan and execute 
an appropriate exit 
due to humans 
entering the lift 
after the AMR has 
parked in the lift 
car.  

AMRs must operate at a reduced speed when 
operating in and around lifts. 
 
AMRs must be able to accurately assess the 
space availability to determine safe parking 
location within the lift.  
 
In cases where there is a designated space for 
AMRs within the lift, the AMR must be able to 
navigate safely into the designated location. 
 
AMRs should determine the availability of an 
unblocked path and provide audible alert prior 
to exiting the lift. 
 
AMRs shall be able to detect if humans are in 
the lift and be programmed to act 
appropriately including providing aural alerts to 
humans. 
 

2 Incorrect or 
inaccurate sensing 
resulting in 
inappropriate actions 
during autonomous 
navigation. 

Inadequate 
sensing leads to 
incorrect decisions 
which may not 
comply with safety 
requirements, 
resulting in 
unacceptable 

Identification algorithms shall be such that the 
probability of a certain detection being correct 
can be continually monitored.  
 
In particular, all outputs with uncertainty shall 
be re-evaluated using alternative approaches 
and/or additional information. If there is 
uncertainty after re-evaluation, the AMR shall 
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levels of risk being 
taken during AMR 
operations. 
 

seek external assistance, or a protective stop 
shall be initiated. 

3 Incorrect decisions 
resulting in 
inappropriate actions 
during autonomous 
navigation. 

Actions taken 
according to 
incorrect decisions 
may not comply 
with safety 
requirements, 
resulting in 
unacceptable 
levels of risk being 
taken during AMR 
operations. 
 

Risk assessment shall consider all operational 
scenarios so as to reduce the risk of harm 
from incorrect actions. This includes limiting 
the travel paths to those with the least 
humans, widest walkway, and least 
obstruction. Where feasible, building owners 
should place unique identifiers (e.g. beacons, 
QR code) to facilitate AMR localization in the 
building, so as to better plan the next path 
segment.   

4 No map, inadequate 
or incorrect map 
given, so AMR 
attempts ad-hoc 
mapping and path 
planning. 

Ad hoc mapping 
results in unstable 
AMR behaviour, 
creating 
unnecessary 
concern for nearby 
people. 

Where reasonably practicable, the AMR 
should be provided with a map of the building. 
This can occur during the API initiation 
procedure at the onset of the delivery 
application. 
 
If the building is unable to provide a map, the 
AMR may fall back to an old map it has used 
before. If it does not even have this map, it 
should audibly sound a message to the human 
operator and request guided delivery 
assistance. Only as a last resort, the AMR can 
initiate an online mapping procedure. 
 

5 AMR continues to 
operate or fails to 
give way after fire 
alarm or other 
emergency alarm 
has sounded. 

AMR unwittingly 
blocks emergency 
access pathways. 

The AMR must be able to receive the fire 
alarm alert through the API.  
It must then terminate its current navigation 
task and initiate an emergency step-aside-
and-wait state by finding a suitable waiting 
point nearest to its current location. After 
navigating to this location, the AMR should 
power down without locking the wheels, to 
allow it to be moved manually when needed.  
 

6 Unexpected 
movement by AMR 
or AMR parts during 
start-up sequence. 
 

Injury to humans. AMR shall complete initialisation process 
without any payload. During initialisation, 
surrounding area shall be clear and free of 
humans.  

7 Improper unlatching 
procedure of the TU 
cage. 
  
The stability control 
measurements of 
the AMR during the 
payload unlatching 
procedure is beyond 
the range and limits 
within which safety 
guarantees has 

TU cage 
unintentionally rolls 
away or topples 
over while being 
unlatched. The 
AMR does not 
have adequate 
capability for 
correcting the 
situation, and 
damage to AMR, 
goods and/or TU 
cage is sustained. 

The AMR shall preform checks of surrounding 
environment prior to initialising unlatching 
procedure.  
 
The AMR mass distribution and shape must 
be designed so that the AMR will not overturn 
during unlatching of TU cage or sudden 
change in forces dealt with. AMR must 
possess adequate braking capabilities at its 
base, and an active stability control measure 
that AMR can use to adjust its mass balance 
to counteract any fluctuation to its centre of 
gravity. 
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been studied and 
trials conducted. 

If humans are 
nearby, it may 
result in injury. 
 

Table 12-3: AMR software hazards 

12.2.4 AMR mechanical hazards 

The following table describes mechanicals hazards that can be addressed by hardware 

enhancements and other physical measures for the AMRs. While variations of such hazards 

may have been identified and described in other standards, the recommendations here are 

contextualised for the use of AMRs performing delivery services in commercial buildings and 

take into consideration the hardware and infrastructure items that typically exist in such an 

environment. 

No. Hazard description  

 

Potential 
consequence 

Recommendation 

1 Payload exceeds the 
maximum load 
allowable. 

Damage to AMR; 
stability issues; 
compromised 
operation resulting 
in injury to humans 
or damage to 
property. 
 

Devices shall be installed to detect 
overloading. Safe allowable limits of the 
payload weight shall be clearly displayed on 
the AMR. 

2 AMR overbalancing 
due to collision with 
obstacles or 
changes in kinematic 
property of the AMR 
when towing 
different payload 
configurations. 

Injury to humans, 
damage to building 
and infrastructure. 

The AMR is equipped with sensors to detect 
any stationary or moving obstacles which may 
cause toppling, and action should then be 
carried out by the AMR to maintain a minimum 
safe distance.  Wheel and travel actuators 
should be equipped with sensing mechanisms 
to detect any obstructed motion, including 
contact with infrastructure, and entanglement. 
Stability tests to be conducted with and 
without a TU cage, and also with different 
payload configurations with the TU cage to 
ensure that balancing algorithms can cope 
with the full range of kinematic forces the AMR 
will encounter. 
 

3 Weight of cage and 
goods exceeds AMR 
payload. 

May cause AMR to 
topple or 
malfunction. 

Introduce weight sensors at docking site to 
ascertain that payload is within recommended 
limits. Goods and cage should not exceed 
maximum payload of AMR. Labels indicating 
the weight limits for the TU cage can also be 
attached to the TU cage to increase 
awareness for operators of the TU cages and 
AMRs. 
 

4 AMR stops 
unexpectedly in a 
non-designated 
place. 

Blockage of shared 
passageways, 
including routes to 
emergency exits. 

Ensure that pre-operation check procedures 
include checks for sufficient battery charge. 
Operational procedures to detect, alert and 
clear stopped AMRs shall be in place prior to 
deployment. AMR shall not be easily moved 
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by unauthorised/untrained personnel when 
stopped. 
 

5 Unintended contact 
between AMR 
moving parts and 
humans or building 
infrastructure. 
 

Injury to humans 
and damage to 
buildings or 
infrastructure. 

The AMR should have as few accessible 
moving parts as possible. Wherever feasible, 
such moving parts should not be exposed. 

Table 12-4: AMR mechanical hazards 

12.2.5 AMR IoT sensor hazards 

The following table describes hazards relating to IoT sensors used with AMRs. Such hazards 

arise due to incorrect or inadequate sensing capabilities. While variations of such hazards may 

have been identified and described in other hazards, the recommendations here are 

contextualised for the use of AMRs performing delivery services in commercial buildings and 

take into consideration the hardware and infrastructure items that typically exist in such an 

environment. 

No. Hazard description  

 

Potential 
consequence 

Recommendation 

1 Inadequate sensors 
or software 
capabilities to 
minimise impact on 
human contact. 

In the event of 
contact with 
humans, AMR is 
unable to retract 
and/or move away 
in a timely manner 
to minimise impact, 
causing injury to 
human. 
 

During any touch interaction, the physical 
reactive contact force from the AMR to 
humans shall be as low as reasonably 
practicable. 

2 Inadequate sensor 
capability to safely 
navigate the 
operational 
environment by 
detecting humans 
(including crowds), 
pathways, 
infrastructure and 
scene clutter and 
reacting in an 
appropriate and 
timely manner. 

Injury to humans; 
damage to building 
or infrastructure; 
damage to AMR. 

The AMR must have adequate sensors and 
software to sustain the various required 
functions for safely operating in a building, 
including detecting and avoiding humans and 
objects and navigating the pathways. 
 
The capability and reliability of sensors and 
sensing algorithms must be increased to a 
level where no unacceptable risk occurs. 
 
During any touch interaction with humans, the 
physical reactive contact force from the AMR 
to humans shall be as low as reasonably 
practicable. 
 

3 Inadequate sensor 
to detect glass, 
transparent 
materials and 
reflective surfaces 
such as mirrors 

Sensors are 
unable to 
accurately map out 
the environment 
and collides into 
glass doors or 
mirrored surfaces, 

The AMR must have adequate sensors to 
sustain the various intended functionalities of 
delivering in a building. Where the physical 
properties of the objects of interest pose 
problems to certain types of sensors, consider 
complementing the deployment with sensors 
based on alternative technology such as 
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resulting in 
damage to building 
and infrastructure. 

ultrasonic sensors instead of light-based 
sensors. 
 
The capability and reliability of sensors and 
sensing algorithms must be increased to a 
level where no unacceptable risk occurs. 
Enriching maps with additional information in 
these areas can also help. If the above 
capabilities cannot be reliably achieved, 
building owners may consider adding physical 
indicators (tags) or attach opaque materials to 
these surfaces so as to help the AMR 
recognise these obstacles. 
 

4 Inadequate sensor 
to detect small 
objects on ground, 
kerbs, or to 
compensate for 
uneven surfaces. 

Results in 
instability during 
motion, AMR may 
topple or become 
entangled with 
nearby humans or 
objects causing 
injury or damage.  

The AMR must have adequate sensors to 
sustain the various intended functionalities of 
delivering in a building, such as detecting 
humans and objects, mapping, localization, 
avoiding obstacles, preventing toppling, 
responding and interacting with a human. 
 
The capability and reliability of sensors and 
sensing algorithms must be increased to a 
level where no unacceptable risk occurs. 
 

5 Inadequate sensor 
setup to detect 
obstacles such as 
protruding objects 

Knocking into 
obstacles, or 
passers-by, 
inflicting damage 
onto building. 

The AMR sensors and software must be able 
to detect small, temporary and/or moving 
protrusions and to compensate for them in 
their calculations.   
 
The capability and reliability of sensors and 
sensing algorithms must be increased to a 
level where no unacceptable risk occurs. 
 

Table 12-5: AMR IoT sensor hazards 

12.2.6  Physical and environmental hazards  

The following table describes hazards that can exist commercial buildings. While variations of  

these hazards may have been identified and described in other standards, the recommendations 

here are contextualised for the use of AMRs performing delivery services in commercial 

buildings and take into consideration the hardware and infrastructure items that typically exist in 

such an environment.   

No. Hazard description  

 

Potential 
consequence 

Recommendation 

1 Lack of awareness 
of robots by humans. 

Potential collision 
or other 
unintended 
interaction 
between the AMR 
and humans 
resulting in injury. 

The AMR should provide appropriate audible 
warning of its presence, including changing 
volume to account for ambient noise, and the 
number of humans present, etc. It should also 
be capable of predicting likely behaviour, e.g. 
detecting the orientation of nearby humans 
and reacting appropriately. 
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It is also recommended that the AMR be able 
to detect different categories of humans (e.g. 
children, persons in wheelchairs, mobility 
challenged [unsteady, walking stick, crutches]) 
and adjust accordingly to maintain a safe 
environment. 
 

2 AMR overbalancing 
due to floor gaps, 
potholes, inclines or 
other ground-level 
obstacles. 
 

Injury to humans, 
damage to building 
and infrastructure. 

AMRs shall have appropriate wheel sensing 
capabilities to detect ground level terrain in 
detail including surface texture and gradient in 
order to determine navigational plans. 

3 AMR does not meet 
site requirements 
such as lift payload, 
doorway/pathway 
allowance and slope 
gradient handling. 
 

AMR unable to 
perform and 
function 
adequately, 
possibly causing 
human injuries. 

Match AMR design or configuration to site 
requirements. If deploying to another site, 
conduct checks and make adjustments to the 
AMR if necessary. 

4 AMR is unable to 
navigate in certain 
parts of the building 
due to shape or size 
constraints. 

Attempts to 
complete task at 
hand despite 
physical 
constraints can 
lead to building or 
infrastructure 
damage and 
damage to the 
AMR. If the AMR is 
unable to retreat 
from the area, it 
may result in 
obstruction to the 
pathway which 
could be a fire 
safety hazard (i.e. 
blockage in escape 
routes) 
 

During the API initiation at the onset of 
delivery, the AMR shall broadcast its robot 
setup configuration, including sensor suite and 
specifications. The building API analyses the 
robot configuration and assess if it meets the 
minimum configuration required to navigate in 
the building. If there are areas that are not 
suitable for the form factor of the particular 
AMR, this shall be marked out by software 
either on the AMR or the building API. 

5 AMR enters into off-
limit, forbidden 
areas, or areas with 
high density of 
children. 

Disruption to 
business 
operations due to 
unexpected 
presence of AMR 
in off-limit areas, 
damage to building 
infrastructure by 
venturing into 
areas that are not 
designed for AMR 
navigation. Injury 
to humans by 
encroaching on 
space or situations 
where humans are 
not prepared for 
the AMR. 

Ensure that AMR has updated maps of the 
environment with no-go zones and high 
human traffic areas marked out. The 
navigation capability of the AMR shall be 
sufficient so that route planning to any allowed 
destination can be realised. Planned routs 
shall avoid the known obstacles, off-limit areas 
as well as high-traffic areas without increasing 
risk of collision and mechanical stability. 
 
Where reasonably practicable, the AMR 
should be provided with an environment where 
the autonomous navigation capability is not 
needed, i.e., building has beacons and unique 
landmarks and identifiers. 
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6 Inadequate 
capability to co-
share a walkway 
with humans 
(especially with TU 
cage in tow), i.e. 
unable to keep to 
one side to make 
space for people, 
and other human-
driven moving 
objects such as 
strollers and wheel 
chairs. 
 

Failure to detect 
humans sharing a 
space-constrained 
walkway. Gets into 
a congested 
situation where 
humans are forced 
to step aside, 
causing 
inconvenience, or 
resulting in injury 
and damage to 
building. 

The AMR must be able to detect humans, their 
position, orientation and velocity (if moving). 
Following which, the AMR must be able to 
calculate space required for navigation in the 
walkway or corridor.  
 
It must then assess if the space is safe for 
both humans and the AMR to simultaneously 
enter or move within. 
 
The AMR must also be able to keep to one 
side of the walkway or navigable space. It may 
do this by moving to the left by default, or to 
adapt to how the humans are moving. 

7 Unexpected 
intrusion by humans 
into robotic 
workspace. 

Potential injury to 
humans. 

The AMR shall be able to detect humans, their 
positions, orientations and velocities within its 
operational space. It should then invoke the 
appropriate measures such as slowing down 
and maintaining a minimum distance. 
 

8 Unsightly clutter of 
TUs at storefront, 
blockage of 
passageways, delay 
to deliveries caused 
by AMR or 
pedestrian traffic. 
 

Obstruction of 
passageways and 
emergency exits. 

Designate holding area for goods as well as 
appropriate waiting stations holding area is 
being cleared. In the event no space available, 
alternative actions (e.g. move to alternate 
location such as designated holding areas) 
should be implemented.  

9 Stability of AMR on 
ramps, slippery 
surfaces and 
unusual terrain. 

Injury to humans, 
damage to building 
and infrastructure. 

A technology partner or system integrator 
should verify all slope angles within the 
location and conduct stability tests prior to 
operation. The AMR and cage unit wheel and 
travel actuators must have sufficient adhesion 
with the terrain over all reasonably expected 
terrain types including slippery surfaces and 
ramps. Ensure that tests conducted to 
measure the performance of travel actuators 
take into consideration the impact of bearing a 
fully-loaded cage TU. Ensure that AMRs are 
loaded with maps that bear enriched 
information such as the degree of incline on 
maps, steps, humps, glass or reflective 
surfaces, no-go zones such as water displays 
that are not cordoned off. 
 

10 Insufficient warning 
labels or signage in 
areas where AMRs 
are operational.  

Lack of awareness 
from users that 
AMRs may 
approach or be 
active in the area 
may lead to 
unintended 
interaction 
between AMEs 
and result in 
injuries. 

Introduce necessary warning labels or signage 
describing the nature of the operations. For 
example, signage in confined spaces such as 
lift lobbies and lift cars used by AMRs can 
alert users that AMRs may approach the area.  
Informative labels such as maximum weight 
limits can also be placed in loading/unloading 
zones to help operators involved in those 
tasks. Ensure that warning labels are 
positioned in high-visibility areas and 
constructed using high-visibility materials that 
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are legible even under low-light conditions for 
the area. Where possible, ensure that labels 
are placed at eye level to attract attention.  
 

Table 12-6: Physical and environmental hazards 
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Annex A: Basic lift integration  

A.1 Lift system integration 

The communications between the robot FM/CCS and lift are made possible by the use of a 

common node. 

In this architecture, the node shall take in commands from the robot fleet manager/CCS (listed 

in A.2 Method if Communication Between Node and Lift below) to communicate with the lift 

while the lift shall respond with the feedback to the node on its status. This architecture allows 

for the eventual implementation having multiple robots share the use of a single lift. 

 

Figure A-1: Schematic architecture of the system layout between CCS, common node 
and lift controller. 

A.2 Method of communication between node and lift 

The communications between node and lift can be of I/O voltage or digital. If the communication 

is of I/O voltage, the node can accept lift signals from 12 VDC – 260 VDC. The signals should 

be made via a potential-free relay contact. If the communications between the node and the lift 

is digital, the signals can be made via Ethernet. The communications shall be received and sent 

by the lift controller or server it might be connected to. 

A.3 Method of communication between node and AMR/CCS/FM/RMF 

The communications between robot and lift shall be enabled via the node using a common 

protocol between robot and the node. The physical connection can be via 3G, 4G, 5G or Wi-Fi 

protocols that support prompt communication between the CSS, node and lift. The commands 

shall be exchanged between the FM/CSS of the robot to the common node. 
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A.4 Generic command and feedback 

The communications shall take a robot-centric view and cover all the commands needed for 

successful robot-lift integration/handshake in the specified architecture depicted in the RMF 

documentation, Programming Multiple Robots with ROS 2, found at: 

https://osrf.github.io/ros2multirobotbook/integration_lifts.html 
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Annex B: Communication specification and protocols 

B.1 Communication overview 

This section explains the communication protocol between lift controller and common node. This 

protocol is to enable the exchange of lift status and AMR commands between Lift Controller and 

RMF middleware. 

One common node is connected to one or multiple lift controller. The common node is connected 

to the lift controller by RS485 where real time lift status of the lift shall be sent from lift controller 

to common node and vice versa, lift commands can be given to lift controller from common node 

to lift controller. 

B.2 Connection 

Both lift controller and common node are preferably located at same location or within the 

distance limitation of RS485. 

 

Figure B-1: Lift communications connections 

B.3 Communication specification and sequence 

(a) 38400 bps for Lift IO protocol, 

(b) 8-bit data, 

(c) no parity, and 

(d) 1 stop bit. 

(e) The common node is the master in this configuration. All communication will be 

initiated by the common node by polling lift controller sequentially. The lift 

controller must reply within 100 milliseconds after receiving each request; 

(f) A time-out of 300 milliseconds will be given for common node to continue polling 

the next lift controller in sequence. 
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B.4 Data packet formats 

All data packets consist of six parameters: - 

Header Data Length Lift ID Function 
Code 

Data Portion CRC 

 

• Header - 2 bytes in hexadecimal (0xA5A5); 

• Data Length - 1 byte in hexadecimal for no of bytes (payload) to follow CRC; 

• Lift ID - 1 byte in hexadecimal for address of lift controller (starting from 0x01); 

• Function Code - 1 byte in hexadecimal for type of message 

• 0x10 - Get lift configuration (during initialization) 

• 0x11 - Get lift status 

• 0x12 - Give lift command; 

• Data Portion - n bytes of data content; and 

• CRC - 2 bytes of CRC (See appendix A) 

B.5 Function codes 

B.5.1 Function code 0x10 

This function code is used during initialization for RMF middleware to obtain lift specification. 

a. From common node to lift controller (Request) 

Header - 0xA5A5 

Data Length - 0x03 

Lift ID - 0x01 ~ 0x0n 

Function Code - 0x10 

Data Portion - 0x00 

CRC - 2 CRC bytes 

b. From lift controller to common node (Reply) 

Header - 0xA5A5 

Data Length - 0x22 

Lift ID - 0x01 ~ 0x0n 

Function Code - 0x10 

Data Portion - 32 bytes (See details in data portion *1) 

CRC - 2 CRC bytes 

Data Portion (*1) 

Rated 
Capacity 

Car 
Width 

Car 
Depth 

Door 
Width 

2 Doors 2nd Door 
Position 

Service 
Floor at 
1st Door 

Service 
Floor at 
2nd Door 

2 bytes 2 bytes 2 bytes 2 bytes 1 byte 1 byte 8 bytes 8 bytes 

 

Example of Data Portion: 
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Rated Capacity   : 900 kg 

Car Width    : 1600 mm 

Car Depth    : 1400 mm 

Door Width   : 1000 mm 

2 Doors   : No 

2nd Door Position  : Nil 

Service Floor at 1st Door : 16 stops with 5 floor non-service 

Service Floor at 2nd Door : Nil 

 

Byte no Data Description 

0 03 900 decimal = 0384 hexadecimal 

1 84 

2 06 1600 decimal = 0640 hexadecimal 

3 40 

4 05 1400 decimal = 0578 hexadecimal 

5 78 

6 03 1000 decimal = 03E8 hexadecimal 

7 E8 

8 00 No second door 

9 00 No second door position 

10 EF Byte 10 

8F 7F 6F 5F 4F 3F 2F 1F 

1 1 1 0 1 1 1 1 

Byte 11 

16F 15F 14F 13F 12F 11F 10F 9F 

1 1 1 1 1 1 1 1 

 

(*) Catered up to 64 floors 

11 FF 

12 00 

13 00 

14 00 

15 00 

16 00 

17 00 

18 00 No service floor at 2nd door 

 

 

 

 

 

 

(*) Catered up to 64 floors 

19 00 

20 00 

21 00 

22 00 

23 00 

24 00 

25 00 

26 00 Spare 
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27 00 Spare 

28 00 Spare 

29 00 Spare 

30 00 Spare 

31 00 Spare 

 

B.5.2 Function code 0x11 

This function code is for the common node to request for lift status 

a. From common node to lift controller (Request) 

Header - 0xA5A5 

Data Length - 0x03 

Lift ID - 0x01 ~ 0x0n 

Function Code - 0x11 

Data Portion - 0x00 

CRC - 2 CRC bytes 

 

b. From lift controller to the common node (Reply) 

Header - 0xA5A5 

Data Length - 0x05 

Lift ID - 0x01 ~ 0x0n 

Function Code - 0x11 

Data Portion - 3 bytes (See details in data portion *2) 

CRC - 2 CRC bytes 

 

Data Portion (*2) 

Byte 0 Lift current floor 1 as lowest floor 

Byte 1 Bit 0 AMR-ready or available 0 = off, 1 = On 

Bit 1 Lift arrived at request floor 0 = off, 1 = On 

Bit 2 Lift arrived at destination floor 0 = off, 1 = On 

Bit 3 Door 1 fully opened 0 = off, 1 = On 

Bit 4 Door 2 fully opened 0 = off, 1 = On 

Bit 5 Homed completed 0 = off, 1 = On 

Bit 6 AMR-in-car trouble 0 = off, 1 = On 

Bit 7 Spare  

Byte 2 Bit 0 Lift Operation Mode (Code Red)  0 = off, 1 = On 

Bit 1 Lift Operation Mode (Code Blue) 0 = off, 1 = On 
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Bit 2 Lift Operation Mode (Code Green) 0 = off, 1 = On 

Bit 3 Spare  

Bit 4 Spare  

Bit 5 Spare  

Bit 6 Spare  

Bit 7 Spare  

 

B.5.3 Function code 0x12 

This function code is for the common node to give commands to the lift controller 

a. From the common node to the lift controller (Request) 

Header - 0xA5A5 

Data Length - 0x05 

Lift ID - 0x01 ~ 0x0n 

Function Code - 0x12 

Data Portion - 3 bytes (See details in data portion *3) 

CRC - 2 CRC bytes 

 

b. From the lift controller to the common node (Reply) 

Header - 0xA5A5 

Data Length - 0x03 

Lift ID - 0x01 ~ 0x0n 

Function Code - 0x12 

Data Portion - 00 

CRC - 2 CRC bytes 

 

Data Portion (*3) 

Byte 0 Request floor 1 as lowest floor, MSB 
denotes second door 

Byte 1 Destination floor 1 as lowest floor, MSB 
denotes second door 

Byte 1 Bit 0 1st door open command 0 = off, 1 = On 

Bit 1 2nd door open command 0 = off, 1 = On 

Bit 2 Hall-call disable command 0 = off, 1 = On 

Bit 3 AMR-in-car command 0 = off, 1 = On 

Bit 4 Spare  

Bit 5 Spare  

Bit 6 Spare  
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Bit 7 Spare  

B.6 CRC generation 

A 16-bit cyclic redundancy check (CRC) is adopted to detect error during transmission. Blocks 

of data entering received by each device get a short check value attached, based on the 

remainder of a polynomial division of their contents. On retrieval, the calculation is repeated and, 

in the event the check values do not match, data corruption is detected. 

Below is CRC16 table: 

WORD CRC16 (const BYTE *nData, WORD wLength) 

{ 

static const WORD wCRCTable[] = { 

0X0000, 0XC0C1, 0XC181, 0X0140, 0XC301, 0X03C0, 0X0280, 0XC241, 

0XC601, 0X06C0, 0X0780, 0XC741, 0X0500, 0XC5C1, 0XC481, 0X0440, 

0XCC01, 0X0CC0, 0X0D80, 0XCD41, 0X0F00, 0XCFC1, 0XCE81, 0X0E40, 

0X0A00, 0XCAC1, 0XCB81, 0X0B40, 0XC901, 0X09C0, 0X0880, 0XC841, 

0XD801, 0X18C0, 0X1980, 0XD941, 0X1B00, 0XDBC1, 0XDA81, 0X1A40, 
0X1E00, 0XDEC1, 0XDF81, 0X1F40, 0XDD01, 0X1DC0, 0X1C80, 0XDC41, 

0X1400, 0XD4C1, 0XD581, 0X1540, 0XD701, 0X17C0, 0X1680, 0XD641, 

0XD201, 0X12C0, 0X1380, 0XD341, 0X1100, 0XD1C1, 0XD081, 0X1040, 

0XF001, 0X30C0, 0X3180, 0XF141, 0X3300, 0XF3C1, 0XF281, 0X3240, 

0X3600, 0XF6C1, 0XF781, 0X3740, 0XF501, 0X35C0, 0X3480, 0XF441, 

0X3C00, 0XFCC1, 0XFD81, 0X3D40, 0XFF01, 0X3FC0, 0X3E80, 0XFE41, 

0XFA01, 0X3AC0, 0X3B80, 0XFB41, 0X3900, 0XF9C1, 0XF881, 0X3840, 
0X2800, 0XE8C1, 0XE981, 0X2940, 0XEB01, 0X2BC0, 0X2A80, 0XEA41, 

0XEE01, 0X2EC0, 0X2F80, 0XEF41, 0X2D00, 0XEDC1, 0XEC81, 0X2C40, 

0XE401, 0X24C0, 0X2580, 0XE541, 0X2700, 0XE7C1, 0XE681, 0X2640, 

0X2200, 0XE2C1, 0XE381, 0X2340, 0XE101, 0X21C0, 0X2080, 0XE041, 

0XA001, 0X60C0, 0X6180, 0XA141, 0X6300, 0XA3C1, 0XA281, 0X6240, 
0X6600, 0XA6C1, 0XA781, 0X6740, 0XA501, 0X65C0, 0X6480, 0XA441, 

0X6C00, 0XACC1, 0XAD81, 0X6D40, 0XAF01, 0X6FC0, 0X6E80, 0XAE41, 

0XAA01, 0X6AC0, 0X6B80, 0XAB41, 0X6900, 0XA9C1, 0XA881, 0X6840, 

0X7800, 0XB8C1, 0XB981, 0X7940, 0XBB01, 0X7BC0, 0X7A80, 0XBA41, 
0XBE01, 0X7EC0, 0X7F80, 0XBF41, 0X7D00, 0XBDC1, 0XBC81, 0X7C40, 

0XB401, 0X74C0, 0X7580, 0XB541, 0X7700, 0XB7C1, 0XB681, 0X7640, 

0X7200, 0XB2C1, 0XB381, 0X7340, 0XB101, 0X71C0, 0X7080, 0XB041, 

0X5000, 0X90C1, 0X9181, 0X5140, 0X9301, 0X53C0, 0X5280, 0X9241, 

0X9601, 0X56C0, 0X5780, 0X9741, 0X5500, 0X95C1, 0X9481, 0X5440, 

0X9C01, 0X5CC0, 0X5D80, 0X9D41, 0X5F00, 0X9FC1, 0X9E81, 0X5E40, 

0X5A00, 0X9AC1, 0X9B81, 0X5B40, 0X9901, 0X59C0, 0X5880, 0X9841, 

0X8801, 0X48C0, 0X4980, 0X8941, 0X4B00, 0X8BC1, 0X8A81, 0X4A40, 

0X4E00, 0X8EC1, 0X8F81, 0X4F40, 0X8D01, 0X4DC0, 0X4C80, 0X8C41, 

0X4400, 0X84C1, 0X8581, 0X4540, 0X8701, 0X47C0, 0X4680, 0X8641, 
0X8201, 0X42C0, 0X4380, 0X8341, 0X4100, 0X81C1, 0X8081, 0X4040 }; 
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Annex C: Operational sequence for AMRs taking lift 

C.1 Overview of sequence 

The following describes a possible sequence of command exchanges and illustrates the 

message flow between the robot CCS/FM and lift when the lift operates in the following 

two modes – passenger mode and AGV mode—which would cover most scenarios in 

daily operations. Under the AGV mode, the lift can be controlled by the robot 

CCS/FM/RMF. 

 

 

 

Figure C-1: Taking lift operations 
sequence 

There are 3 states that describe the AMR as it 
completes the operational sequence of taking a 
lift. They are described as follows: 

 

 

A. AMR arrives at lift lobby of request floor 

This is the state to describe what AMR should 
behaves when in arrives at request lift lobby 

 

 

 

B. AMR inside the lift car 

This is the state where the AMR enters the lift 
and travel to the destination floor. It describes 
the series of event that happens between the 
AMR and lift 

 

 

C. AMR exits the lift at destination floor 

This is the state where AMR exits the lift at 
destination floor. It describes what the AMR 
should do after getting out of the lift. 
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C.2 AMR arrives at lift lobby of request floor 

 

Figure C-2: AMR arrives at lift lobby of request floor 
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C.3 AMR inside the lift car 

 

Figure C-3: AMR inside the lift car 

C.4 AMR exits the lift at destination floor 

 

Figure C-4: AMR exits the lift at destination floor 
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Annex D: Operational flow in a use-case scenario 

D.1 Scenario 1: route for new delivery job 

1. The Fleet Manager (FM) 1 updates the Fleet Adaptor (FA)1 with the destination of the 

delivery job. 

2. FA1 submits the delivery job to the RMF with the time, starting location and goal location 

3. FA1 sets up a chain of tasks and subscribes to events for each task. 

4. FA1 executes task one after another when the subscribed event is received. 

5. During execution of the task in FA1, FA1 may send a request to FM1 to direct the robot to 

certain locations. 

D.2 Scenario 2: basic traffic deconflict 

1. The RMF traffic monitor detects that FM1 and FM2 will be involved in a conflict. The RMF 

sends requests to deconflict the traffic to the respective Fleet via the FA. The request will be 

sent to FA1 and FA2. 

2. FA1 receives the deconflict request from the RMF. Type of request received will depend on 

the prevailing the FA control mode—full control or traffic light control. 

3. FA2 receives the deconflict request from the RMF. Type of request received will depend on 

the prevailing the FA control mode—full control or traffic light control. 

4. FM1 executes the request to use updated waypoints or executes a stop, followed by a 

resume command from the FA in order to resolve the conflict. 

5. FM2 executes the request to use updated waypoints or executes a stop and then resume 

command from the FA in order to resolve the conflict. 

D.3 Scenario 3: new obstacle detected 

1. The SU module detects a hazard in the vicinity and sends an update to the SUM. 

2. The SUM derives the 3D coordinates and size of the obstacle through data sent from the 

SU. 

3. The Obstacle Manager updates the RMF by adding obstacles as participants in the RMF 

4. The RMF detects that FA1 and FA2 will be involved in a conflict with this obstacle at different 

times. The RMF sends requests to deconflict traffic to the respective FAs.  

5. FA1 receives the deconflict request from the RMF. The type of request received will depend 

on the prevailing FA control mode—full control or traffic light control. 

6. FA2 receives the deconflict request from the RMF. The type of request received will depend 

on the prevailing FA control mode—full control or traffic light control. 

7. FM1 executes the request to use updated waypoints or executes a stop and then resume 

command from the FA in order to resolve the conflict. 

8. FM2 executes the request to use updated waypoints or executes a stop and then resume 

command from the FA in order to resolve the conflict. 
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D.4 Scenario 4: obstacle is removed 

1. The SU module updates scene detected to the SUM. 

2. The SUM reports that the scene previously described is not detected with the location data. 

3. The Obstacle Manager updates the RMF by removing the participant at this location. 

4. The RMF does not request that fleets re-plan the route of existing delivery jobs. However, 

subsequent routes planned in the RMF will take into consideration that the obstacle has 

been cleared. For example: 

• Case 1: A new delivery job is created by an FM in the RMF that goes along the route 

where the cleared obstacle was. The RMF plans and assigns this route now that the 

obstacle has been cleared. 

 

• Case 2: The RMF detects a traffic conflict which may be resolved by using a route 

where the obstacle has just been cleared. The RMF plans and updates the FA with 

the new waypoints. 

  



Technical Guidelines for use of Autonomous Mobile Robots 
for Delivery within Commercial Buildings. 

  

 
 

   
 
 

72 

Annex E: Lift car platform 

E.1 Rated loading capacity  

E.1.1 Passenger lift capacity 

To prevent overloading of the lift car by passengers, the loading of the available car platform 

area shall be limited. The maximum car platform area for the corresponding rated loading 

capacity is given in Table E-1 below. The number of passengers for the corresponding minimum 

car platform is also given in Table E-1 to indicate the space required for the passengers. 

• The car platform area shall be calculated according to Table E-1: Rated loading capacity 

below. 

• Beyond 40 persons or 2720 kg load, add 0.115 m2 for each extra person or 0.16 m2 for 

each extra 100 kg. For intermediate loads, the area is determined by linear interpolation. 

 

Table E-1: Rated loading capacity 
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E.1.1 Goods lift capacity 

The rated load of the lift shall be not less than 245 kg/ m2 of inside nett platform area. 

NOTE — The information provided in this section is extracted from SS 550 Amendment 3 Code 

of Practice for Installation, operation and maintenance of electric passenger and goods 

lifts. Refer to latest version of the code of practice for updated specifications. 

E.2 Measurements of car platform areas 

The measurements of nett width (A) and depth (B) shall be measured at the kick plates of the 

car walls. (C) refers to the width of nett door opening. 

 

Figure E-1: Lift car measurements 
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Annex F: Required performance levels for delivery AMR control 

F.1 Definitions from ISO 13849-1:2006 - performance level (PL) and 

required performance level (PLr) 

 

Required Performance 
Level (PLr) 

Probability of Dangerous Failure per Hour 
(PFHd) 1/h 

a 
≥10-5 and <10-4 

〈0.001% to 0.01%〉 

b 
≥3 × 10-6 and <10-5 

〈0.0003% to 0.001%〉 

c 
≥10-6 and <3 × 10-6 

〈0.0001% to 0.0003%〉 

d 
≥10-7 and <10-6 

〈0.00001% to 0.0001%〉 

e 
≥10-8 and <10-7 

〈0.000001% to 0.00001%〉 

Table F-1: Required performance levels & probability of dangerous failure 

The performance level (PL) is a value used to define the ability of a robotic control system to 

perform a safety function (such as stopping when the emergency stop is pressed, detecting a 

human nearby and stopping on its own, detecting and avoiding an obstacle, adjusting its motion 

to achieve stability) under foreseeable conditions. 

The required performance level (PLr) is used in order to achieve the required risk reduction for 

each safety function. 

Therefore, the performance level (PL) of safety related parts of a control system must be equal 

to, or higher than, the required performance level (PLr). 
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F.2 How to determine the required performance level (PLr) 

For each safety function to be carried out by a control system, the required performance level 

(PLr) is determined based on the following three parameters: 

(a) Severity of Injury 

S1: slight; 

S2: serious (e.g. irreversible injury or death) 

(b) Frequency and/or exposure to hazard 

F1: seldom-to-less-often and/or exposure time is short 

F2: Frequent-to-continuous and/or exposure time is long 

(c) Possibility of avoiding hazard or limiting harm 

P1: possible under specific conditions 

P2: scarcely possible 

In the example shown in Figure E-1, the PLr is determined to be “d” based on the 

following criteria: 

- Severity of injury: serious (S2) 

- Frequency: seldom (F1) 

- Possibility of avoiding: Scarcely possible (P2) 

 

 

Figure F-1: Process to determine PLr grade 

 


