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[Abstract]

The rapid growth of the e-commerce industry has led to significant issues for logistics services and the environment.
Autonomous delivery robots (ADRs) have the potential to address these challenges. This study proposes a state-of-charge
(SoC)-based route selection algorithm aimed at reducing energy consumption, thereby extending the battery life of ADRs. The
algorithm supports multiple ADRs by managing the battery SoC within a defined range [20—-80%)] to prevent over-discharge, by
finding the optimal delivery route that includes passing through charging stations. By the implementation of an ADR simulator and
performance analysis, the proposed algorithm minimized both the average travel distance between customer nodes and the battery
consumption, while maintaining the SoC within the specified range. In addition, the frequency of visits to charging stations

increased with decreasing SoC range, resulting in a decrease in efficiency.
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E 2. ADR AlE2ojtof w2 27 Ho|H
Table 2. Log data according to ADR simulation

ADR Start End Distance Battery Usage SoC State
1 ADR1 Depot Customer 9 294.65 m 4% A80 —> A76
2 Customer 9 Customer 11 609.30 m -8% A76 —> A68
3 Customer 11 Customer 25 878.46 m -12% AB8 —> A56
4 Customer 25 Customer 21 640.98 m -9% AB6 —> A47
5 Customer 21 Customer 22 560.27 m -8% A47 —> A39
6 Customer 22 Customer 28 95.57 m -1% A39 —> A38
7 Customer 28 Customer 5 112.29 m -1% A38 —> A37
8 Customer 5 Customer 39 926.03 m -13% A37 —> A24
9 Customer 39 Charging Station 16 309.63 m Recharge A24 —> B80
10 Charging Station 16 Customer 32 2356.53 m -33% B80 —> B47
11 Customer 32 Customer 37 453.05 m —6% B47 —> B41
12 Customer 37 Customer 6 420.40 m —6% B41 —> B35
13 Customer 6 Customer 36 251.47 m -3% B35 —> B32
14 Customer 36 Customer 27 450.19 m -6% B32 —> B26
15 Customer 27 Customer 8 79.87m -1% B26 —> B25
16 Customer 8 Charging Station 1 0.00 m Recharge B25 —> C80
17 Charging Station 1 Customer 18 2321.983 m -33% C80 —> C47
18 Customer 18 Customer 1 1387.04 m -19% C47 —> C28
19 Customer 1 Charging Station 11 316.05 m Recharge C28 —> D80
20 Charging Station 11 Depot 3309.77 m -47% D80 —> D33

E 3. ADR A|S30|Mof| 2 &H 2k A&
Table 3. Total summary output from ADR simulation

ADR Total_distance Average_battery_usage(%) Max_battery_usage Recharging_count
1 ADR 1 15,773m 12.3% 47% 3
2 ADR 2 14,027m 9.94% 45% 2
3 ADR 3 14,830m 10.4% 47% 3
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Battery SoC per Node for ADR 3
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