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Autonomous Fleet Infrastructure

Building the Infrastructure for Autonomous Mobility

Autonomous vehicles are rapidly transforming the transportation landscape. Advances in
artificial intelligence, sensor technology, and vehicle autonomy are enabling new forms of
mobility, including robotaxi services, autonomous logistics fleets, and automated transportation
networks.

Companies such as Waymo, Uber Technologies, and emerging mobility operators are investing
heavily in autonomous vehicle technologies. However, large-scale autonomous mobility
systems require more than advanced vehicles. They require a new category of physical and
digital systems known as autonomous fleet infrastructure.

Autonomous fleet infrastructure refers to the facilities, systems, and technologies that support
the operation of autonomous vehicle fleets. This infrastructure enables vehicles to charge,
maintain operational readiness, and integrate with fleet management systems without requiring
human intervention.

Organisations such as Joule Labs are developing the next generation of infrastructure platforms
designed specifically for autonomous fleets.

Components of Autonomous Fleet Infrastructure

Autonomous fleets depend on several interconnected infrastructure layers. Together, these
components form the operational backbone that enables autonomous vehicles to operate at
scale.

* Charging infrastructure — automated systems for electric vehicle charging without
human intervention

* Fleet depots — centralised facilities for charging, servicing, and staging autonomous

vehicles

* Robotic servicing systems — automated maintenance, cleaning, and inspection
capabilities

* Energy infrastructure — grid connections, battery storage, and smart energy
management

* Orchestration software platforms — digital coordination layer for all infrastructure
operations



Charging Infrastructure for Autonomous Fleets

Electric autonomous vehicles must charge frequently to remain in service. Unlike privately
owned vehicles, fleet vehicles cannot rely on human drivers to connect charging cables. This
requirement is driving the development of automated charging systems capable of operating
without human intervention.

Robotic EV charging systems enable autonomous vehicles to connect to charging infrastructure
automatically. These systems use robotic arms, automated connectors, and sensor-guided
alignment to initiate charging sessions. Automated charging technology enables vehicles to
navigate to charging locations, connect to charging stations, and resume operations without
human assistance.

This capability is essential for large robotaxi fleets operating continuously throughout the day.

Autonomous Fleet Charging Depots

Fleet charging depots serve as central hubs for autonomous vehicle operations. These facilities
provide locations where vehicles can recharge, undergo routine maintenance, and prepare for
redeployment. Autonomous fleet depots differ from traditional EV charging stations in several
important ways.

High Throughput Operations

Fleet depots are designed to process large numbers of vehicles quickly. Multiple charging bays
operate simultaneously to maximise vehicle throughput. Automated systems eliminate waiting
times and human-dependent bottlenecks.

Automated Vehicle Routing

Autonomous vehicles navigate through depot environments using onboard sensors and
infrastructure guidance systems. Depot layouts are optimised for efficient vehicle movement and
minimal congestion.

Integrated Operations

Charging, maintenance, and fleet management operations are integrated within a unified
infrastructure system. This integration allows operators to manage all aspects of fleet readiness
from a single platform.

Robotic Fleet Servicing Systems

Beyond charging, autonomous fleets require additional automated servicing capabilities. Future
fleet infrastructure may include robotic systems capable of performing routine maintenance
tasks.

* Vehicle cleaning and exterior maintenance
» Sensor calibration and validation

« Tyre inspections and condition monitoring

+ System diagnostics and software updates

These capabilities enable fleets to operate continuously with minimal human involvement. Fully
automated service hubs — sometimes referred to as Dark Site Infrastructure™ — may



eventually support large autonomous fleets operating around the clock with zero human on-site
presence.

Energy Infrastructure for Autonomous Mobility

Autonomous fleet operations require substantial electrical power. Large fleet depots may require
multiple megawatts of power capacity to support simultaneous charging operations. Energy
infrastructure for autonomous fleets typically includes high-capacity grid connections, battery
energy storage systems, and smart energy management platforms.

Battery storage systems help balance charging demand and reduce peak loads on electrical
grids. Energy management software can optimise charging schedules based on electricity
prices, grid conditions, and fleet operational requirements, significantly reducing energy costs at
scale.

Infrastructure Orchestration Platforms

Physical infrastructure alone is not sufficient to support autonomous fleet operations.
Infrastructure systems must also integrate with fleet management software. Infrastructure
orchestration platforms coordinate charging operations, vehicle routing, and infrastructure
utilisation.

These systems provide capabilities such as automated charging scheduling, infrastructure
monitoring, integration with fleet dispatch systems, and operational analytics. Software
platforms such as JouleOS™ enable fleet operators to manage distributed charging
infrastructure networks efficiently across multiple depot locations.

Distributed Infrastructure Networks

Autonomous fleet infrastructure is likely to evolve into distributed networks spanning entire
metropolitan regions. These networks may include a combination of central fleet depots, urban
charging hubs, and distributed charging nodes.

Vehicles will dynamically route between these locations depending on operational needs.
Distributed infrastructure networks improve fleet efficiency and reduce travel distances for
charging operations, ultimately increasing the number of passenger trips completed per vehicle
per day.

The Future of Autonomous Fleet Infrastructure

As autonomous mobility expands, infrastructure systems will become increasingly sophisticated.
Future developments in autonomous fleet infrastructure may include:

* Fully autonomous service depots — operating with zero human presence using
comprehensive robotics

* Integrated energy infrastructure — direct connection with smart grid systems and
renewable energy

* Robotic maintenance systems — automated inspection, repair, and servicing of fleet
vehicles

» Standardised autonomous charging interfaces — industry-wide compatibility standards



Autonomous fleet infrastructure will play a critical role in enabling scalable autonomous
transportation networks. Organisations developing these technologies today are helping build
the infrastructure foundation for the next generation of mobility.
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