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Design and Implementation of a V2X-based Supervisory Control
Software Platform for Multiple Autonomous Mobilities in Port and
Construction Sites: Development of Data Pipeline and Dashboard
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Abstract: This paper presents a design and implementation of a V2X-based supervisory control software platform for multiple
autonomous mobilities operating in port and construction sites. The proposed platform establishes an end-to-end data flow from on-
board units and roadside units to an edge layer for parsing and normalization, a streaming pipeline for storage, and a Grafana-based
dashboard for operators. A unified schema supports map and trajectory visualization, speed and status monitoring, time-series queries,
and reproducible logging, while enabling staged replacement of virtual fields with measured data without changing field types. The
platform is configured for 10 Hz status message ingestion and second-granularity dashboard refresh for operations. Performance is
evaluated through field tests focusing on communication range and dashboard update behavior. Experiments confirm stable reception
and continuous monitoring up to approximately 700 m radius under the test environment, with dashboard updates within 1 sec. The
proposed platform provides a practical baseline for scalable supervisory control and data-driven improvement of autonomous mobility
operations in harsh outdoor sites.
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Fig. 1. Current status of automation adoption in the Port of
Rotterdam logistics system.
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Fig. 2. Example of a container port (container yard) layout and

operation/work area.
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Fig. 3. Analysis of the operating environment of a container port (1
mobility vehicle).
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Fig. 4. Cloud-based development platform layered architecture for
the multi mobility supervisory control system.
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Fig. 5. Architecture and data flow of the VV2X-based supervisory
control system.
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Table 1. Communication system architecture (definition of roles by

segment).
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Table 2. Data fields for scheduler-supervisory control interface.

T &
Task task_type, priority
Constraint time_window, speed limit, geofence, resource
constraints
Asset mobility id, state, availability
Allocation sequence, eta
Telemetry pos, heading, battery
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Fig. 6. Control system database management platform.
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Fig. 7. Example dashboard view with real-time map and speed
gauge updates.
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Fig. 8. Example of multi-mobility map panel with pins and
trajectory visualization.
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