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Abstract

Background  While there has been substantial research on understanding the duties and challenges
faced by sanitation workers through literature studies, there is a noticeable gap in studies analyzing the
relationship between the road environments where these workers operate and the tasks they perform. This
study aims to propose robot service scenarios that consider the repetitive heavy-lifting tasks of sanitation
workers and the unique risks posed by South Korean road environments, with the goal of improving their
safety, health, and working conditions.

Methods To comprehend the working environment of sanitation workers, this study conducted a
literature review and statistical data analysis. To understand the work characteristics of sanitation workers
in relation to road environments in Korea, video ethnography was used to categorize work types based on
road environments and sizes. Common work characteristics across different road environments and the
specific needs of sanitation workers were identified. Furthermore, a co-design workshop with experts was
conducted to propose specific directions for service scenarios and robot features that reflect a contextual
understanding of the road environment in Korea. During the service validation phase, quantitative
evaluations and subjective feedback were collected to identify areas for improvement, which were used to
assess the potential of future robot service scenarios from multiple perspectives.

Results Through the co-design workshops, we refined the design direction for robot services
targeting single-lane residential alleys, single-lane commercial alleys with illegal parking issues, and two-
lane sidewalk commercial areas. This direction led to the development of key service features including
enhanced robot mobility, fall prevention systems to protect workers, and intelligent path planning with
real-time route adjustments. Additionally, systems to alert pedestrians and reduce physical strain through
automatic waste collection were also developed. These service features were validated according to specific
scenario types, receiving particularly positive feedback for ‘real-time information provision’. However, the
feasibility of these service scenarios was rated low due to the current limits of robot technology, complex
road conditions, and a lack of social acceptance. These results indicate a need for further research and
development to advance robot technology and enhance social acceptance.

Conclusions  This study proposes a robot development initiative aimed at creating safer working
environments for sanitation workers, envisioning service scenarios to be realized within the next decade.
The study hopes to serve as foundational material for developing strategies for the effective use of robots
in unstructured environments. Additionally, the study anticipates further research into the comprehensive
analysis of social acceptance from social, institutional, and legal perspectives to advance the development

of more sophisticated robot services.
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Table 1 Examples of using autonomous robots for unstructured work environments
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Table 2 Analysis of Technological Advancements and case studies on Waste Management Robots
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Table 4 Video of Street Cleaners
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Table 5 Video Ethnography: Coding by Road Situation
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Table 6 One-lane Residential Alley Situation (Type 1) : Step-by-Step Work Characteristics and Task Elements
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Table 7 One-lane Alley Commercial Area Situation (Type 2): Step-by-Step Work Characteristics and Task Elements
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Table 8 Two-lane Sidewalk Commercial Area Situation (Type 3): Step-by-Step Work Characteristics and Task
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Table 11 Service Concept (C): Pedestrian Safety Situation in Commercial Areas Adjacent to Sidewalks
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Table 12 Co-Design Participant List
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Table 14 Pain Points Identification
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Table 16 Service Features for Commercial Area in a One-Lane Alley (Type 2)
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Table 17 Service Features for Commercial Area with Sidewalk on a Two-Lane Road (Type 3)
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Table 19 Service Scenario for Commercial Area in a One-Lane Alley (Type 2)
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Table 20 Service Scenario for Commercial Area with Sidewalk on a Two-Lane Road (Type 3)
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Table 21 Service Validation Participants and Key Questionnaire Composition
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Table 23 Summary of Service Validation Survey Results
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Table 24 Distinctiveness and Implications of the Service Scenarios
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