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Multi Objective Vehicle and Drone Routing Problem with Time Window
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Abstract

In this paper, we study the multi-objectives vehicle and drone routing problem with time windows,
MOVDRPTW for short, which is defined in an urban delivery network. We consider the dual modal

delivery system consisting of drones and vehicles. Drones are used as a complement to the vehicle

and operate in a point to point manner between the depot and the customer. Customers make various

requests. They prefer to receive delivery services within the predetermined time range and some

customers require fast delivery. The purpose of this paper is to investigate the effectiveness of the

delivery strategy of using drones and vehicles together with a multi-objective measures. As

experiment datasets, we use the instances generated based on actual courier delivery data. We

propose a hybrid multi-objective evolutionary algorithm for solving MOVDRPTW. Our results confirm

that the vehicle-drone mixed strategy has 30% cost advantage over vehicle only strategy.

» Keyword: Drone, Multi-Objective Vehicle Routing Problem, Hybrid-Meta-Heuristics, Evolutionary Algorithm,

Distribution Network

[. Introduction

F #H4]o] oA WA llE U ES T =R
AR AF7E AN vk S, b E2e] F9s
AHAY =8 A WE A 0 R AMEeh 9 W(Traveling
Salesman Problem) AE9] FAEo] t4E X8t Ut
[1-4]. =& w$} FE APATFEN A= Hﬂii}%@r tEs
U= sf A A Feh HS AuEdH1](2]. i A3
ATEANAE EARe] ERS 887] A %%ﬂ% s
o7l el WAk cE29 IS T3
(Synchronization)sh= Ao] 23k Q430 th A3 T-Eoll A
TAE sk Aol JorE =88 o)&l wiEshs A7t
71E9] e FATSP)e] Mgoletar atal, EolHs 2%
A EAe] Zolo] ALgH ul e 2 WA Eo|H(Two-phase
algorithm)o]uH 1], AF&~E 3 Z 2 A A (Cluster first-route
second) &} 22 WA [2][3][4]& AREEIGITE B HaATEA

<l
A £

= 2R HasH(1-2), o1&l HAThEH3), u 82 A
sH41g BANA BHetag s BHow %Ma}aiv}.

U= 2FEAd A A S (Vehicle Routing Problem: VRP)
AL ZA =25 A3t A= [5]9] A7) ek o] A
ToAE G224 oAd =2 213 4478 (Single Objective

Multi Depots Vehicle and Drone Routing Problem with
Time Window) A5 tF+=d], o= 3 wijs A7t

THE A B0 2kaA], il gl Al R o] Fo
7wl VIES A FHE-S Hastehe AlE =29 2
PI4E AAste TAIth =7 [5]9] ARES o] #AE
7] g8 fd daEse Ak, o) £2#(Solomon)
gl ze] Agsto] wjFAatgel Qo] =& ARG Fr&AS
U5 Hh Ak

2 AT = (619 & HHder, 37 wiF AdE

* First Author:

Tae Joon Park, Corresponding Author: Yerim Chung
*Tae Joon Park (xoxogkr@naver.com), Dept. of Yonsei School of Business, Yonsei University, Seoul,

Korea

*Yerim Chung (yerimchung@yonsei.ac.kr),Dept. of Yonsei School of Business, Yonsei University, Seoul, Korea
* Received: 2018. 10. 02, Revised: 2018. 12. 15, Accepted: 2018. 12. 28.
* This work was supported by the Ministry of Education of the Republic of Korea and the National Research

Foundation of Korea (NRF-2017S1A5A8022220).

* This research was supported by the Yonsei University Research Fund of 2017-22-0074.



168 Journal of The Korea Society of Computer and Information

7HAE A Baeo) akaA], aela gl FujAlE R o] Fo] A Bt o w2 wfE AH|AE W e a9 B

2w UETAA, wiol] AHeE =83 Ao disret & 7 S7kske Aotk e wijE A2 wiE Aol AalE

S8HES BA0 HAIPZle dEE dAAIMu ARHIE @71E ASelE 1 BEEr) 24,

Objectives Vehicle and Drone Routing Problem with Time gEo] =22 71491 SR Qlete] 199 1719 sh&1t

Window: MOVDRPTW) &A1& theth Afolxs AA g} & e ¢ ol7] wiie =82 xaxe A4S Hod

Hjs2] dlolEfoll 7ukale] ABAE wlE dlolElE AFE3SITE (point to point) 2 33 Wb e vl e HS 3k

GEF S B uEEs TR FEjo] stolH Wo| A, uASA SAH R SES wiEse 2w

g= dEe #2289 HMOEA(Hybrid Multi-Objective  (milk-run)?] +3< 3}, Fig. 19] HAQ =2 29-EolA,

Evolutionary Algorithm)Z #A|¢HsPaA, @ Wk Falag =22 xpux|29t 125 Ale]E Moz £35%a, thA

(Single population based heuristic) s AH&gH A3 A5 IA6E AR|2ab7] 918) o] sakaL girk. Fig. 1ol|A A1 2+

o] ztolH& graich F HEE AuAls Edste], HulAEdA Bl wjE
B ERe A RS XFele] £ 6702 AEo] Atk 27 A& AAG ¥, 1AL, a2, uA3E wiEESlal, adE

qreE AR e 54E 7HE F 7 FFde] Al uigsty] 98 olsshes Solth

&%= MOVDRPTWE] &4 8e Alstal, 330lA =

MOVDRPTWE %7] 93] AHgd dag]52l HMOEAS A7)

gtk 4ol A e B4R ] gl v do]HE 7ite® A

HE AAHAES ggoR SRE-A BEAS AN

ARgEHE e Hlaght) 5geA= Ao oefgt g s

A =oatal 63 A= 2 AT ZET Ajlehe 34 o Diepos 2

Depot |

s .
(D)ot

Fig. 1. Network Model for MOVDRPTW
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[I. Problem statements and network model
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2. Structure of HMOEA
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Fig. 3. Random Generation of Initial Solutions
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Table 1. The operating cost and time cost per customer in
drone and vehicle route in the drone mixed strategy./ () indicated
the value of upper 20% of EA population
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V. Limitation and Discussion
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