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Human Interactions with Autonomous Mobile Robots in Public Spaces:

A Survey

Rabia Karakaya1 Fanta Camara1 Suresh Perinpanayagam2

AbstractÐ As autonomous mobile robots (AMRs) are in-
creasingly deployed in public spaces, understanding how they
are designed to interact with humans is crucial. This paper
reviews existing research on AMRs in real-world environ-
ments, analysing their development and deployment from a
human-robot interaction (HRI) perspective. Through in-depth
analysis of 46 selected studies from the Scopus and Web of
Science databases, this study examines the interaction strategies
employed in AMRs, the key design requirements, and the
challenges they face in human environments. The findings
highlight a growing emphasis on delivery, assistance, and guide
robots, with interaction methods primarily relying on visual
or explicit cues. This study also identifies challenges related to
public perception, safety, and usability, emphasising the need
for improved design strategies to enhance the effectiveness of
HRI and ensure the seamless integration of AMRs into everyday
environments.

I. INTRODUCTION

Robots are becoming common in daily life, from small

home cleaning robots to delivery robots in cities. Their grow-

ing presence requires making them safe and user-friendly. As

autonomous mobile robots (AMRs) advance and enter urban

areas, research now focuses not only on technology but also

on human interaction to ensure safe, efficient, and socially

acceptable integration [1], [2].

Robots have long been used in production lines, where

users are typically experts such as engineers [3]. Although

human-robot interaction (HRI) was less critical in these

settings, advances in collaborative robots have increased

its importance [4]. In contrast, AMRs in public spaces

interact with diverse people, including those without robotics

knowledge, such as children, the elderly, and individuals with

special needs. Recent research [5] shows that HRI involves

not only individual users but also how robots integrate

socially, affecting public perception and acceptance.

The term ‘autonomous mobile robot’ (AMR) can encom-

pass a broad range of robotic systems. For this review, we

define an AMR as a relatively small robot that operates

autonomously, without requiring direct human control, in

indoor or outdoor environments at lower speeds. It typically

shares its environment with humans and serves, assists, or

performs tasks on behalf of humans. The present work aims

to provide guidance on the design and deployment of AMRs

in the real world, and facilitate their interactions with people

in public spaces. This work contributes with the following:

• a bibliometric analysis and an in-depth review of the

existing deployment of AMRs in public spaces;
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• a taxonomy of AMRs, social cues and key HRI aspects

considered in their deployment;

• requirements and challenges related to HRI aspects for

AMRs in public spaces.

II. RELATED WORK

Advances in HRI have enabled users to interact with

various devices and systems more naturally and efficiently.

Beyond technical specifications such as price, reliability,

and lifecycle, the success of a technological product is

also heavily influenced by its usability and ease of use

[6]. Several review papers have explored the role of HRI

in robots, highlighting its importance in real-world deploy-

ments. Previous studies have examined different aspects of

HRI, including usability challenges, safety considerations,

and user acceptance [7], [8].

Regarding AMRs in public spaces, existing reviews have

mainly focused on their regulatory and security aspects. For

example, Thomasen [9] reviewed the regulatory aspects of

the deployment of robots in public spaces in the North

American context and argued that the laws that regulate

these robots may affect the public nature of these spaces.

Similarly, Woo et al. [10] argued that states and the federal

government should work with cities and provide them with

more autonomy in regulating the design and deployment of

robots in their public spaces. Mintrom et al. [11] reviewed the

public policy approaches used in the deployment of robots

in public spaces and developed a policy design checklist to

help regulate seven key issues ranging from safety, privacy,

and ethics to productivity, aesthetics, co-creation, equitable

access, and system innovation. Oruma et al. [12], [13]

reviewed the security aspects of social robots in public

spaces, considering cybersecurity, data privacy, physical and

legal/ethical factors.

Despite these contributions, existing review papers often

lack a comprehensive analysis of the real-world challenges

AMRs face in public spaces, particularly regarding the safety

and social acceptance of people. This review aims to fill

these gaps by synthesising findings from recent studies and

providing a broader perspective on the deployment of AMRs,

with a focus on human interactions.

III. METHODOLOGY

In this study, a review has been conducted on AMRs

operating in public spaces. The literature review was carried

out using the Scopus and Web of Science databases with

the following keywords: ºmobile robotº OR ºautonomous

vehicleº AND ºpublic spacesº. As of December 2024, this



Fig. 1: Flowchart showing the screening process

search returned 133 results for Scopus and 88 from Web of

Science. To ensure access to high-quality, peer-reviewed, and

thematically relevant studies while maintaining a manageable

scope, Scopus and Web of Science were selected as the pri-

mary databases for this literature review. These platforms of-

fer robust filtering and indexing systems, making them well-

suited for identifying reliable publications within the field.

Duplicate records appearing in both databases were identified

and removed before the screening process to avoid redun-

dancy. The selection process began by excluding conference

reviews in order to focus on full research articles that provide

more comprehensive and rigorously peer-reviewed findings,

ensuring higher quality and reliability of the included studies.

Then, a double-screening process was conducted by two

reviewers in two stages: first, by reviewing titles, followed by

abstracts. Any discrepancies in the selections were resolved

through discussion until consensus was reached. Studies

were included if they met both of the following criteria: (1)

involved the development of an AMR; (2) included testing

in a public space. After independently screening the records,

both reviewers compared their selections. Only studies that

they mutually agreed upon were included in the final review,

resulting in 46 papers. The flowchart in Fig. 1 illustrates this

screening process. The in-depth review was then guided by

three key questions:

• What are the current HRI approaches used in AMRs?

• How do humans perceive AMRs, and how can their

design enhance both safety perception and social ac-

ceptance?

• Which HRI areas require further research on AMRs?

Data were analysed using a systematic approach. Specifi-

cally, this study seeks to understand the purposes for which

various robots are deployed, how they interact with humans,

and the solutions provided for these interactions. In conduct-

ing a review of the literature, various data from the articles

were considered, including the types of real-life experimental

tests conducted in the studies and the environments in which

these experiments took place. Attention was also paid to the

demographics of the participants, HRI methods employed,

and whether any interfaces were used for HRI. Additionally,

this review explores public perception of these robots and

considers strategies for improving people’s attitudes toward

them.

Fig. 2: Trend chart of article publication

IV. BIBLIOMETRIC ANALYSIS

Bibliometric analysis is performed to uncover emerging

trends in the literature.

A. Growth and Countries of AMRs’ Deployment

As shown in Fig. 2, the number of AMRs’ deployments

in public spaces has increased over the years. Early research

(2003±2015) remained limited, with research interest grow-

ing after 2015, where big advancements in deep learning

approaches improved performance in many robotics areas

such as robot perception. The highest number of publica-

tions occurred in 2022. The increase in publications during

this period may be linked to the COVID-19 pandemic,

as six of the reviewed articles dated 2021 and 2022 and

focused on pandemic-related applications [14], [15], [16].

In general, this graph suggests a continuous increase in

studies conducted in public spaces. It is important to note

that most studies were conducted in Japan (13 out of 46),

followed by the USA and Germany (6 each). China and

Canada contributed 3 studies each, while the remaining

papers mainly originate from various European countries.

This reflects Japan’s strong focus on deploying AMRs in

public spaces.

B. Keyword co-occurrences

Fig. 3 presents the keyword co-occurrence analysis, reveal-

ing four research clusters. The red cluster covers behavioural

research and social robotics, focusing on human perception

and interaction. The blue cluster highlights robot program-

ming, motion planning, and human-aware navigation. The

green cluster centers on service robots in environments like



Fig. 3: Keyword co-occurrences map

Fig. 4: Experiment types

hospitals, emphasising healthcare and assistive robotics. The

yellow cluster addresses safety engineering and control archi-

tecture, focusing on robust system development. This anal-

ysis highlights the interdisciplinary nature of AMR research

in public spaces, balancing human-centred and technical

considerations.

V. FINDINGS

This section presents an in-depth analysis of the reviewed

literature, examining how AMRs are tested and deployed in

public environments. It first explores the different experiment

types used in studies, distinguishing between observational

studies and real-world deployments. Next, it introduces a

taxonomy that categorises AMRs based on their types and

the environments in which they operate. Finally, the section

delves into key HRI aspects in AMRs, including safety, trust

& acceptance, communication, and human assistance, high-

lighting their significance in ensuring effective and seamless

integration into public spaces.

A. Experiment Types

A few observational studies (15%) involved AMRs in

public spaces, as shown in Fig. 4. These studies that include

interviews or questionnaires with people are particularly

useful for understanding the requirements of human-robot in-

teraction [17]. They provide insights into what makes people

feel safer around robots, what encourages them to use these

robots, and how external human-robot interfaces (eHMI) can

enhance interaction. Observational studies combined with

user feedback suggest that robots operating in public spaces

generally coexist well with people, as most individuals feel

safe in their presence. Trust and acceptance tend to increase

when a robot’s behaviour appears predictable [18]. At this

point, studies that gather user feedback on HRI methods

play a crucial role [19]. Such research enhances our un-

derstanding of human perceptions of existing HRI solutions

and provides valuable insights for future developments [20].

Fig. 4 shows that the reviewed literature mostly includes

real-world experiments with a physical robot (79%). Among

these, approximately 80% involved interactions with real,

uninstructed participants in authentic public environments,

rather than controlled laboratory settings or trials conducted

with experts or individuals familiar with the system. These

studies offer more ecologically valid insights into how hu-

mans perceive and respond to AMRs in everyday contexts.

Therefore, the rest of the analysis focuses primarily on these

studies.

B. Taxonomy of AMRs in Public Spaces

Fig. 5 illustrates the types of robots examined in the

reviewed studies, along with their respective testing environ-

ments. Delivery robots account for the highest proportion

(52%) of deployments in public spaces. In large indoor

environments such as museums, shopping malls, and hos-

pitals, assistance robots are more commonly deployed [21],

[22], [23], [24]. Additionally, some robots have been tested

in multiple environments to ensure a more comprehensive

evaluation. For instance, a robot may first be tested in a

controlled indoor setting, such as a building, before being

deployed in a larger public space like a shopping mall

[21]. A taxonomy of AMRs is proposed in Fig. 6 where

mobile robots in public spaces are classified based on their

environment of operation and function. This taxonomy helps



Fig. 5: Robot types and testing environments

Fig. 6: Taxonomy of AMRs in public spaces based on

environment types and functions

to understand the scope of AMRs in public spaces. Indoor

robots are most likely to communicate with humans on a

one-to-one basis [23], [14], [25]. Whereas outdoor robots

focus on completing their tasks while ensuring human safety

and comfort [26], [27]. The broad categorisation in this

taxonomy is primarily due to the limited number of studies

available for each subcategory. Since only 46 papers were

included in the review, creating more granular categories

would result in subgroups with very few examples, limiting

meaningful analysis and generalizability. Therefore, more

nuanced differences are not addressed in this taxonomy.

C. Key HRI Aspects in AMRs

Safety: Ensuring safety is a fundamental aspect of human

interaction with AMRs, which benefits both the general

public and the robots themselves [22]. A key challenge in

terms of safety is the robot’s ability to avoid collisions,

particularly through accurate human detection [22], [28].

Reliable human detection is crucial not only for safety

but also for providing assistance and delivering effective

services [29], [30]. To address this issue, various studies

have explored the use of LiDAR and camera-based systems

to detect human presence [27], [31], [32], [33], [34]. A study

on guide robots highlighted the importance of maintaining

an appropriate public distance from humans to ensure both

safety and acceptance [35]. Robots should not only perceive

humans as obstacles to avoid; rather, they should maintain a

slightly greater distance than they would from an inanimate

object in their path [36], [37]. Avoiding collisions with

humans is essential, but it is equally important to prevent

causing discomfort or fear [38]. Similarly, socially-aware

navigation models help robots move in a way that considers

both the environment and human behaviour, improving their

acceptance in shared spaces [39]. Ensuring human safety

goes beyond collision avoidance; it requires a two-way

communication between humans and robots. Studies have

shown that robots can employ anthropomorphic cues to

improve human safety [40], [38]. By signalling their intended

movements, robots can explicitly guide humans to navigate

shared environments safely. In addition to perception-based

safety measures, system design also plays a critical role in

ensuring safe robot operation. A study [41] introduces a

new robot control design splits robot functions into smaller,

independent parts, making the system more flexible and safe.

This allows the robot to respond quickly to issues and recover

from errors in real-world settings. Moreover, the ability for

the user to manually control the robot in emergency or

necessary situations is also important [42], [41]. For example,

a study on the German legal framework stated that fully

autonomous driving was not permitted in public spaces at the

time, requiring a human operator to supervise and intervene

if necessary [43].

Trust and Acceptance: Once robots successfully detect

humans, the next challenge is building trust to encourage

interaction, acceptance, and even seamless coexistence in

public spaces. People often experience a sense of curiosity

and fascination toward robots, particularly in environments

like museums and malls, where they are engaged with

their surroundings [44], [45]. A five-year study involving

three different museum tour guide robots revealed that when

people are intrigued by robots and willing to communicate,

they actively seek ways to interact within the limits of the

robot’s available methods [22]. Notably, when a robot initi-

ates interaction by simply approaching a person and saying

ºHelloº, people are more likely to engage with it. To en-

hance both perceived safety and willingness to interact with

robots, several strategies can be employed. One approach

is designing robots with a friendly and non-threatening

appearance, achieved through modifications to their external

design [46]. Another effective method involves incorporating

anthropomorphic features to make robots more approachable.

Various studies have explored this concept, from using ex-

pressive eyes to convey emotions [47] to implementing head

movements that enhance engagement and relatability [48],

[38]. One study involving a hand disinfection robot, designed

to encourage usage, continuously faced the user, even if it

did not perfectly reach its intended position, and it showed

that maintaining eye contact significantly improves HRI [14].

A study involved an autonomous robot dressed up as Santa

Claus during Christmas who played Jingle Bells through a

loudspeaker upon detecting a person and displayed emotions

via 126 red diodes on its head in a shopping mall. It randomly

selected individuals to follow at a distance and attempted

interaction. Post-interaction interviews revealed that 92% of

participants responded positively when first approached, and

67% remained comfortable when followed, though some



found it unsettling. The study suggests that robots with

friendly appearances are generally well-received. Future re-

search could focus on detecting human interest based on

movement patterns before initiating interaction [49]. Some-

times, humans may also feel discomfort around robots and

harm them. In a study with an indoor cleaning robot, it

was observed that AMRs in public spaces are sometimes

subjected to obstruction, bullying, and even vandalism [18].

Humans may block a robot’s path, touch, or hit it for various

reasons, e.g., fear, frustration, misunderstanding, or curiosity,

especially among children. Robots need strategies to protect

both themselves and humans from such behaviours. Public

feedback suggests that robots should proactively warn people

against harmful interactions, e.g., touching or blocking them.

In another study with a delivery robot in an outdoor setting,

no instances of bullying behaviour or attempts to sabotage

the robot’s performance were reported [26].

Communication: AMRs in public spaces must commu-

nicate effectively with diverse groups, including the elderly,

children, and people with disabilities. Multimodal HRI sys-

tems that combine touchscreens, speech recognition, and

visual cues help robots receive commands and respond

appropriately [21]. For example, a five-month deployment

of a museum tour guide robot showed advantages of us-

ing both perceptive modalitiesÐspeech recognition, physical

buttons, face trackingÐand expressive ones; a mechanical

face and LED matrix displaying icons and animations [44].

Experimental results and user surveys revealed that people of

all ages found robots with multiple communication methods

more engaging and easier to interact with.

Human Assistance: In real-world environments, AMRs

face challenges such as unpredictable changes, narrow path-

ways, and diverse human behaviours [1]. Sometimes, they

require human assistance. A study on Starship delivery

robots found most people perceive them as harmless and

are willing to help by clearing obstacles, pushing stuck

robots, or pressing traffic lights, although it is unclear if

pressing buttons was to assist the robot or for personal

convenience [26]. Similarly, an indoor service robot that

requested help with tasks like pressing elevator buttons saw

about 20% of participants respond quickly [50]. These results

suggest a generally positive attitude toward aiding robots but

also raise ethical concerns regarding dependence on human

intervention [26].

D. Social Cues and HRI Aspects

A summary of the relevant literature on HRI methods used

in the reviewed papers is presented in Table I as a guide

for researchers. This overview provides a foundation for

understanding the key aspects of HRI explored in this study.

Table I classifies relevant studies based on social cues and

key HRI aspects: Safety, Trust & Acceptance, and Communi-

cation. It highlights how different social cues, such as gazing

eyes, head movement, robot approaching behaviour, motion

legibility contribute to these aspects. Motion legibility refers

to how easily humans can understand and predict a robot’s

movements, making interactions more intuitive. Online user

Fig. 7: Distribution of studies by social cues and HRI aspects

studies using videos of motion legibility cues indicate that

these cues enhance the social acceptability of robots, posi-

tively influencing public acceptance and contributing to the

successful deployment of robots in shared spaces [51]. Some

cells in Table I are empty, reflecting the fact that certain

social cues are more relevant to some specific aspects of

interaction. For example, the robot’s approaching behaviour

plays a significant role in fostering trust and encouraging

user engagement, making it more relevant to the Trust

& Acceptance aspect [14]. In contrast, detecting human

presence has the highest number of cited papers because, for

AMRs, human and obstacle detection is a fundamental safety

requirement. While some studies focus on developing robust

detection systems primarily for navigation, they inherently

contribute to HRI by ensuring safe interactions, even if

HRI is not their primary focus [52]. The communication

aspect has fewer studies for certain cues, indicating potential

gaps for future research. Overall, Table I provides insights

into current research trends and areas that need further

exploration for the safe deployment AMRs in human public

spaces. Fig. 7 presents a frequency-based summary of the

reviewed studies, visualising how often each social cue

appears across the three key HRI aspects and complementing

the classification in Table I by offering a more immediate

view of research emphasis and gaps across social cues.

Notably, detecting human presence is the most frequently

studied cue, primarily in relation to safety. Conversely, cues

like motion legibility and a safe-looking robot appear less

frequently, especially under the communication category,

indicating areas for future exploration.

E. Requirements

Developing AMRs for public spaces requires careful

consideration of various environmental and social factors.

Pelikan et al. [62] identified four key characteristics that

influence and are influenced by robot design: (1) localism,

(2) environment, (3) activities, and (4) sociability. Localism

refers to designing AMRs for close human interaction, such

as friendly, approachable delivery robots [46] or multimodal

guide robots for diverse audiences [22]. Environmental de-

sign focuses on enabling robots to navigate effectively,

with some systems avoiding contact unless approached [44]



TABLE I: Classification of relevant studies based on social

cues and HRI aspects

Social Cues
Aspects of HRI

Safety Trust &
Acceptance

Communication

Gazing Eyes Mikawa [40] Mikawa [40],
Wang [47]

Wang [47],
Palinko [14]

Head
Movement

Mikawa [48],
Lyu [38]

Mikawa [48],
Lyu [38]

Robot
Approaching
Behavior

Palinko [14],
Schomakers

[17], Svenstrup
[49],

Hetherington
[20],

Yamamoto [25]

Uotani [53],
Yamamoto [25]

Multimodal
(Voice, Screen,
Buttons, etc.)

Jeanpierre [21],
Nourbakhsh
[22], Jensen

[44], Rea [19]

Jeanpierre [21],
Nourbakhsh
[22], Jensen
[44], Kashif

[50], Seok Ahn
[23]

Detecting
Human
Presence

Schrick [43],
Gade [32],
Shoji [31],

Umetani [54],
Hara [27],
Babel [18],

Blunder [55],
Marquez

Gamez [52],
Hiroi [35],
Yang [15],

Mohammadi
[16], Gil [56],
Karahan [24],
Blunder [55],
Pennisia [57],

Yan [34].
Cheng [28],

Hu [58],
Tomizawa [42],

Gunji [59],
Muramatsu

[60], Ventura
[33],

Schrick[41]

Babel [18],
Hiroi [35], Gil

[56],
Muramatsu

[60],
Shahrezaie

[39], Ventura
[33]

Glas [45],
Marquez

Gamez [52],
Tanaka [61],

Shahrezaie
[39]

Safe-Looking
Robot

Kakigi [46] Kakigi [46],
Palinko [14]

Dobrosovestnova
[26]

Motion
Legibility
(Flashing
Lights &
Arrows)

Hetherington
[51]

Hetherington
[51]

and others tailored for outdoor use [27]. Activities re-

flect how AMRs must adapt to dynamic and unpredictable

surroundingsÐfor instance, robots that adjust to real-time

environmental changes [31]. Sociability, one of the most

emphasised requirements, involves designing robots that are

safe, respectful, and engaging. Examples include disinfection

robots that implement safety measures [16], robots that

recognise and respect personal space [35], those using music

to attract attention [49], and anthropomorphic robots that

clearly communicate movement intentions [14], [47].

Additional considerations include emergency prepared-

ness, legal and ethical compliance [43], and inclusive design

for accessibility, especially for users with special needs

[42]. Schomakers et al. [17] proposed a two-step empirical

approach to identifying key deployment requirements for

semi-automated urban delivery robots. Their findings, in-

corporating views from bystanders and customers, highlight

seven core categories, including technical specifications, safe

integration into traffic, autonomous behaviour, and broader

ethical and societal expectations.

VI. DISCUSSION

From the analysis, it is evident that safety is the most

crucial factor in the deployment of AMRs in public spaces.

A robot should not only be safe but also appear and feel

safe to users. Multimodal communication can enhance the

ability of robots to interact effectively with a diverse range

of people, making them more approachable and intuitive.

Additionally, a deeper understanding of human psychology

and behaviour is essential for designing AMRs that align

with human expectations and social norms.

While this review provides a foundation for exploring

these issues, the limited number of included studies high-

lights the need for a broader and more comprehensive

review. Future research should expand on these findings by

incorporating a wider range of studies and perspectives to

gain deeper insights into improving HRI in AMRs. Another

key limitation of the reviewed works is about testing en-

vironments. Some reviewed studies conducted experiments

in controlled settings, such as laboratories or small buildings

with limited human presence [40], [31]. However, since these

robots are primarily designed for public spaces with higher

human density, such settings may not fully capture real-world

interactions. This highlights the need for better experimental

environments to generate more relevant data and improve

HRI functions for AMRs in public spaces. Another important

limitation is that many papers do not provide specific details

regarding the number of participants or their demographics,

as well as the robot design specifications (e.g. size, shape

or speed). The lack of such information makes it difficult

to analyse HRI across different age groups, nationalities,

and other demographic factors. A more comprehensive un-

derstanding of these variations would require future studies

to include and report detailed participant data and robot

specifications. Therefore, developing a standard for reporting

HRI studies would help the community.

This review does not cover the role of robotics companies

currently developing AMRs for public spaces. Investigating

how these companies address HRI challenges and the specific

issues they encounter could provide valuable insights for

both researchers and industry professionals. Future work

could explore the strategies these companies employ and

the difficulties they face in deploying AMRs in real-world

environments. The reviewed papers revealed that the use

of sound in HRI is relatively rare. When implemented,

it is typically used for multimodal responses triggered by

user requests, where the system provides either written or

spoken feedback [21], [23]. However, sound has not been

widely utilised for navigation purposes or as yielding cues.

Existing research indicates that incorporating sound in HRI



can positively impact safety and perception. Sounds influence

how robots are perceived, helping to communicate intent and

support the localisation of mobile robots [63]. Given these

findings, further research could investigate how interaction-

focused sound design can facilitate more intuitive and ef-

fective communication between robots and people in shared

spaces.

VII. CONCLUSIONS

The present review provides insights into the current

landscape of AMR deployment, offering a taxonomy of

their use in public settings and outlining key HRI require-

ments. Through an in-depth analysis of existing research,

we identified critical aspects of HRI, including safety, trust,

and communication, and examined how different interaction

strategies contribute to these factors. As AMRs continue to

be deployed in public spaces, ensuring effective HRI is vital

for their safe and seamless integration.

Our findings highlight that safety remains the most critical

element in HRI. Robots must not only operate safely but

also be perceived as safe and trustworthy by the public.

Additionally, multimodal communication can enhance inter-

actions by making AMRs more approachable and intuitive.

However, many challenges persist, including gaps in public

perception, usability, and the limited use of sound as an

interaction modality. Despite the contributions of this study,

some limitations remain. The reviewed literature often lacks

detailed demographic data and robot design information,

making it difficult to analyse HRI across diverse studies and

user groups. Moreover, this study does not examine the role

of robotics companies in addressing HRI challenges, an area

that deserves further investigation.

Future research should focus on expanding the scope of

HRI studies to include a wider range of participants and real-

world contexts. Additionally, exploring how sound-based

interaction can enhance communication and navigation in

AMRs may provide valuable insights. By addressing these

challenges, researchers and developers can design AMRs

that are not only functionally efficient but also socially

acceptable, fostering greater trust and adoption in public

environments.
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