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[Abstract]

The rapid growth of the e-commerce industry in recent years has led to a surge in urban delivery demand and a shortage of
logistics workers. To address these challenges, autonomous delivery robots have been actively proposed. However, few studies
have focused on route optimization for delivery robots that can efficiently meet the demands of different time periods. In this
paper, we propose a robot delivery system optimized for the varying operational environments of day and night, featuring a
flexible approach that combines vehicles and robots during the day and exclusively unmanned delivery robots at night. The

performance of the proposed day—night delivery system is analyzed through simulations using local transportation network data.
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Fig. 1. Customer-attended delivery robots



(b) Mobinn,
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(a) Agility Robotics,
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Fig. 2. Fully unmanned delivery robots
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Table 1. The application of robots in the last-mile delivery
market: Legal, technical, social and industrial
requirements

Requirements Contents

(1) Driving mode: Wheeled, walking

(2) Maximum mass: 500 kg

(3) Maximum speed: 15 km/h or less

(4) Width: 800 millimeters or less

(5) Appearance: Rounded edges, injury—preventing
design

(6) Dynamic stability: Stable on a 5° slope

(7) Emergency stop function: Highest control
priority

(8) PUDO Zone compliance: Ensure compatibility
with designated PUDO Zones for seamless
pickup/drop—off operations

Legal

(1) Environmental awareness: Accurate
sensor—based detection

(2) Autonomous driving: Safe, self-directed
navigation

(3) Infrastructure interaction: Seamless building
and infrastructure integration

(4) Communication failure response: Emergency
operational capability

(5) Routing: Real-time route optimization

(6) Charge planning: Efficient battery and schedule
management

(7) Monitoring: Continuous status monitoring

(8) Remote operation: Remote control and
intervention capability

Technological

(1) 24 hour delivery: Night and early morning
availability

(2) Reduce delivery delays: Timely and expedited
deliveries

(3) Select delivery time window:
Customer—preferred delivery times

(4) Reduce shipping costs: Affordable or free

Social shipping options

(5) Secure delivery: Minimized damage, quality
assurance

(6) Shipping services segmentation: Customizable
delivery options

(7) The need for ground access control for delivery
robots in apartments etc: Simplified access
and environmental considerations

(1) Technical Sophistication: Advanced navigation,
dynamic routing

(2) Fleet management: Strategic fleet infrastructure

(3) User—centered design: Design with user
preferences

(4) Social integration: Promote acceptance,
address concerns

(5) Continuous improvement: Ongoing operational
enhancements

(6) Logistics pooling: Collaborative resource
sharing

(7) Delivery decarbonization: Adoption of green
technologies

(8) Privacy: Secure data handling and protection

Industrial
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MDP MDP with VRP

« Current location of each robot and distance to its
destination

* Information about the delivery nodes that the robot
must visit

State

» Objective function score minus penalty function
score as a function to measure the quality of robot
tours

» Objective function scoring factors: number of
completed deliveries, delivery efficiency
(minimized total distance traveled)

+ Constraint based penalty function scoring factors:
total distance, delivery time, robot capacity limit,
battery exhaustion

Reward
function

« Selection of the delivery node that the robot will

Action .
visit next

Transition
function

* In combinatorial optimization problems, it is usually
deterministic and known in advance (set to 1)

ADR load check

Insufficient capacity

Real world map data
Graph configure

MFC
PUDO zone
Requests
related information

Graph encoding
Delivery route calculation
Delivery route assign

Nearest PUDO Sufficient capacity

route caculation

Nearest PUDO route assign

ADR battery Check

Insufficient battery

Nearest depot Sufficient battery

route caculation

Final route confirmation

All routes optimized &
assigned

=
=
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Fig. 8. Daytime & night-time robot delivery system
algorithm flowchart
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