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Last —mile delivery station with heterogeneous vehicles:
modeling, solution approaches, and implications

Background

Terms

Last-mile delivery = RE M2 AFE0| EXX|0 =&ts7|7HX|o] M IHHE S£oth= 80
UAV = B0l H[H 7] (EE)
Delivery robot = 282 %

Background of the logistics industry

E-commerce market 2 A& H% SO0|H BiE AH|A0| CHet =2 & T7}
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E-commerce 2[AIOM BEHS 7HX| 7|20 28X =7 AML2ES HE0H| Aot /s




e sg- Last —mile delivery station with heterogeneous vehicles:
Problem definition modeling, solution approaches, and implications

The problem in this study

- i

Symbol Description

{ }  Last-mile delivery area

' UAV and delivery robot station

Customer nodes

O

! ——->» UAV delivery (single visit)

Path of truck

------- »  Delivery robot delivery (single visit)
loaded with parcels

—>  Delivery robot delivery (double visits)

25
Delivery stationOf| UAV 2} delivery robot O] &OtLt LO{0F SX| Hat

Delivery costE X243 g = = UAV 2 delivery robotl| FEE 33
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Sy Last —mile delivery station with heterogeneous vehicles:
Heuristic Approach modeling, solution approaches, and implications

- G;: cluster, 7;: delivery robot travel time, 7;: UAV travel time, and i indicates the order in a sequence list Oj7{L| =
T 300 600 900 _ _ N
w‘ ' - 1. K-means & 0|83l &4 =E& * &3t
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’: Gy E
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. Last —mile delivery station with heterogeneous vehicles:
Experiment . ) AT
modeling, solution approaches, and implications
Gap to MILP (%) Objective value of CRA + +heuristic — Optimal value of MILP « 100
ap to 0) = .
P Optimal value of MILP
MILP CRA++ heuristic
# of nodes Avg. optimal value Avg. cplex time (sec) Avg. optimal value Avg. gap to MILP (%) Avg. run time (sec)
10 1380.8 0.5 1446.8 6.0 0.03
15 1389.0 5.0 1486.5 6.7 0.19
20 1952.0 812.8 2069.2 6.6 0.56
50 . - 3416.4 - 22.51
100 . - 47452 - 1075.52
MILP = A0l 22|22 =S 0|8 £ HBet
CRA++heuristic = & HHO|A XQtot F2[AE SHHE
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Conclusion

Last —mile delivery station with heterogeneous vehicles:
modeling, solution approaches, and implications
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Simulation-based environment for reinforcement learning(SER)

Interface
Components : T

Adapter Components

ESt

Simulation Components e i
Data Collecting Components

Manufacturing system
(Processes network)

SimPy (DES Engine)

Event Process Resource

Environment @

Modeler Components
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Application 0l tet Sotes
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Production Parallel Flexible Flexible Makespan Ol 'E—HE'I o|-7'|| EE% _I'E_O|=IO|'E ZdEEl- 13.1%,
cti , 1 X1 - L -
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e | Mg [ s |2 607401 He 3507H0 jobf et AEE S
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Objective makespan Ei{'ﬁ:&d makespang and TSR 1 eF 2 528 LY O ElAﬂHII = [C{H| & &5 NS
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Parameter & Model CHsh x| =%t 25
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