"m Check for updates

Journal of the Korean Institute of Industrial Engineers https://doi.org/10.7232/JKIIE.2026.52.2.132
Vol. 52, No. 2, pp. 132-147, April 2026. © 2026 KIIE
ISSN 1225-0988 | EISSN 2234-6457

22z A g Es A2 3 Gl 7 A=A

Pick-up Service Vehicle Routing Problem With Flexible
Assignment of Depots

Hyeon Jun Kim * Ye chan Kim * Byung Soo Kim
Department of Industrial Management Engineering, Incheon National University

We address a vehicle routing problem for pick-up services, with flexible assignment of decentralized depots by
utilizing parking lots throughout urban areas. The problem involves determining vehicle routes, which include
deciding which demand locations each vehicle will visit, as well as depot assignments, while minimizing the
operational costs including travel cost, parking cost, and tardiness cost. A mixed integer linear programming
model is formulated to optimally solve the small-sized problem instances. To solve the problem efficiently, we
propose a three-stage heuristic including clustering-based approach to group demand locations. For large-sized
problem instances, a three-stage solution approach is proposed: (1) clustering demand locations into small-sized
groups, (2) assignment of clusters to vehicles based on the distance between each vehicle and the cluster
centroid, and (3) determining optimized routes for each vehicle by applying a meta-heuristic algorithm with
iterative cluster reassignment. The effectiveness of the proposed approach is demonstrated through
computational experiments showing significant cost reductions compared to conventional single-depot
operations. This study provides operational insights into sustainable urban logistics and highlights the benefits of
flexible depot utilization to enhance operational efficiency.

Keywords: Urban Logistics, Pick-up Service Vehicle Routing, Mixed Integer Linear Programming, Clustering
Algorithm, Meta-heuristic
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Figure 2. A tour example with the flexible depots strategy
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Table 2. Description of parameters

Stage | Parameter Description

. The radius used to define the neighborhood of
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Figure 3. Flowchart for the clustering algorithm
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=2 Aegity, sld F4-2 Figure 49l tweak(zn) &2 £7]
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Input: o, n, w, 7
Initialize 7'« 7, z<x,, = <,
while T > w do
' = tweak(z;n)
if arrival time > 7 then
T<—aTl
continue
end if
Af—fla") — f(z)
if Af < 0 then
.’L'<—.CE’
else
r=random ()
if r <e /7 then
r—zx
end if
end if
if f(L) < f(x*
‘Z'*(*Z'
end if
T<—al
end while
return f(x*)

) then

Figure 4. Pseudo-code for the SA algorithm
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0% BF £& FEL po PFES 7,
~ 1/p
IHX(Tk) - o =
| EwEAoR nAYd o ¢ 5 4
0
PRT FAG 5§ FES 32N 27058 4T 5
olr,}
A .

Input: V, C, C,, g,, g,> T,, d( -,
Initialize Improved <« false

repeat

Improved <« false

V' «<argsort, . (f(z,),descend)
fori = 1,...,| V| do

bV,

if | C;| < 1 then

continue

end if

1
9, ?{'C;CGQ

E<—argmaxce C;d(gc,g{;)
m—argsm’tcE o E(d(gc,gé),ascend)
N (01, ...,Jw)
U<—{u IS V\{{)} CC N = Q}
foru=1,..,|Ul do
Feflz ) + f(z,)
C;,“C;\{ }
C,—C,Uc
F—f(z;) + f(z,)
F—F
PeTF
if p > n then
Improved < True
break
else
c,—c\¢}
¢~y u e
end if
end for
end for
until Improved = false

Figure 5. Pseudo-code for the Adjustment Algorithm

glEe AR 4318004 A3 SA daelEe E-83)
o AW AP e TEFL, A% ghol /19 PAE
e A2 o] BATIE HRE WBHO S Ssie] 73
Fug 24T A BAGS e AHBT, 4T 399
A W82 <Figure 5> A ¥ o] Jlth.

20, 1A 34 QT voll thel LRl E B T8 A
ve Ve HF 3 2o tial SAE T8 7 FATT &
flz,) 7108 AgFs WHAE O 2 A7)

O, b v o] 2 AFHE Tk A4 02 AL 2

A oL ARSIt A4 23 A 0F TR AF 0o B
HoiQe 24 A% .94 2 2R e .o FAH g0 vhal
UE Aoz o] BN 27 o The 3t ol shte] A

ol & R FAH 9. 5 71202, FAH T WIE 71
% dlg,g,)7} 7V 2 2ROZ AR A () AE)
FART o5 TR 24 S AR Aol

9o c=argmaz, . dg.9;) (29)

: x').,ueU (30)

P f(%

p7h Aele] QAG puTh A e Aol 2 o)
& R, 184 G B0l The 0% F2 Al o)
3 )52 A=k 31 7S WEstel sthel 2ol i)
Aol 5, b A A BARE e 1F 02 AR
F 9P M 34 wEh T Ao AsiRicke, 1
ohe AP 02 AAA 9 HAL BRI BE Azl 1)
8l AEREOE o] Fo] o] Fol A7) gtk g el E
o R A% A29) BAYS ¢S £2e Aok 9P
4L 5l . B 71202 2ol fAake 2HE AHB A
ol ol 41719 WU A2 BT 4 Sl A

a1 e 412004 4R 2l Ll Mins

Z

F30 shjol T #2407k Aok, 74 o|F %3 st
o) ARG 240] 7FssAT, A4 Azl F7HHA

olek W2, 4 A7 IR A3 2717} ek Aﬂ%‘t&&
A T2 AR A F5p) B Aoltk of $Ee the gl

T
MinPtsol] o A& el Feletis gk
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SES H A9} 4ol A A g Fe] FE v
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ght}, ppA|Eto 2 B Agte] whHEY Hgke] §9E 7
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2o F7]9] EAE MILPZF AlZE AlZE Yol & 4= 9l W
A& vefste A3tk =9 A S 20, 3R 44(9))
o} 2k31A] 4B 22 (3,4)9(6,8) = A AT A2 2
719] EAME F¥2H I3 A4S 93 FHAH FE
H3ab7] 98] MinPsE 28 AAst9om $744 $(D)E
10, 20, 30, 4022 WA A F 879 A2HAE A
o] & 7} Eao) 3] CPLEX solverZ =&3F a9} 2 HA9]
P20 2 =231 | S H| w3tk CPLEX solver?] s+ 4
3 == AAIE Yol =29 best solutions Z§H3It). ZF AF
o]Fe] 87} AbolF AR A -l A E = Y 5494 7
2 A gol ZAEE Sollatr] oAH B E, AZEAIZHS 3,600
22 AR 4] (31)°ll whe} Gapt CPU AIZHS vl st
B AT WS A ] A AG =9} AN £ 8-S
A5 3.

Three — stage Heuristic Algorithm Solution
— CPLEX Solution

CPLEX Solution

Gap(%) = %100 (31)

FAARA 3719 TAE AFY & B8A JE FE st
of &9 A% 30U, AAE AA| 152, FAA & 1,200,
1,400, 1,600, 1,800/ 2 At 37149 AA uA=
AHFAA O] T2} B3t 5 T2 2] 7} 25U o) FHEF H]
AFA NEY AN FAE 1538 AAste] 833tk
SFRFA 9} AFa1A] 9] 9] A= <Figure 6> 2Tk T3 3 9] 71
T8 F2E 2Asto EA 2719 RS AR & FE3
AAE AlZEel WA= FFE Bl #43H7] 913 MinPtsE W
FAA AEE FH3Y T MinPtsE 6 o402 AT -
TF F7F &9 A thrEod) Rt 2 FAEE AU
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A= A= At et 55709 EgFol AAEEHE
199 Th(Robichet ef al., 2022). A &8 A AEFE #
a3he] 2pEke] AA == 40070, 2] Fof 7bs AlHe
1803 0.2 HASIA T B AFolA =& 3F A= Wel & A
g2 AHgslnh. A F3 7Fs 7el= 211km(Hyundai
Motor Company, 2025), &% A2 H-&2 90 /km(Korea
Energy Agency, 2025), &9 A219 48 A7HE 2,88 /kmE S
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Figure 6. A geographical distribution of drop-off points and
depots



_);1_:’
kd
)
o
o
re
ok
)
oft
o
fd
i)
e

52418 A}

t:,—l_

<Table 3> 2 21719 Ao 3l CPLEXE &
o} & Ao HECZ (03] HHEA Pl &3 59 ¢
T3k 3Fe] Apo] & Gap o & UERAATE CPLEX 7} A $He A
Well A& E&3A 5 7495 NAR %7139 01, 0]
7% Gap A ZEAI S Y] best solution}+2] Bl ul A Fjo]t}, 24
37} E2 9 Q2B (1~3, 5~7)0ll A B A7) WP 2L A
5.85%9] Gaps Holn ZAEE AHH O R EZ3te AS
SISt ¢, AE 2 49) 80 A= CPLEXZ} Al gHE A
el A E EFHA] Rt om, o] A B AT W
W £0] best solution ThH] Z}2} 16.60%, 15.17% -2 H]-&-2] 3
g =& CPLEXE FAA 7} 271l whel A4k Al
Zro] FATA Bolu, FAA 407] FEAME AZkE Azt
Yol A& =24 ettt £ AFolA aeste
e FAA 1,20070 o) /Fe] o= EAlo|BE, FAH A
o] FH HE 2T 5 e B AT PHEC] aF

o 2L e
o oo ok
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N

Table 3. Testing Results of Small-sized Instances

g} 7 H2 A 141

Hr}

HAZQl I gt AF-S AdPshr|ol B, A vl&
of 2A Yol M AT E4 S T3l A Ad g A
At gt AZbE A HlE-& TR A FAE o
£ 182l 1,02099] <k 108] =<0 10,000871A] 5 A 2.
2 LC=1{0,2500,5000, 7500,10000} HSE AAs] g
< Z13Y3FA T <Figure 7> 7HE 2 A Abe] 28 | D|=
1,800 tig A3 A2, A% ¥ F& 2 A o
& & AaA] o] & H]go 9} QEZ ATt & W2
A AREeE FAE St A4 vlgo] F71EH mek
Z A AT 9F 12.7% TS AT T3 247 o] 5 B L
237 o] & H]-g-2] -2 A vl& F7tol e} 0.75% A =]
A A4S BYor, o] A Hl&-& 7] = Zo| b
H & FEES A28 OHAE daglFo] A2 &3

—T T 0o

i

o HARE NHHNER FEY 5 A& HlZT mehy,
o1 F RE HoIAE A Aztol 7 AA Uehd 5 Q=

2 A7 A 18-S 10,0009 0.2 A A5

CPLEX Three-stage Heuristic Algorithm
Ins. |SI | Bl | DI
Opt. Cost(¥¥) CPU(s) Gap(%) CPU(s)
1 10 4,198 0.8 2.57 4.5
2 20 5,141 1.6 3.83 11.0
3 . * 30 5,688 127.0 5.85 7.4
4 40 N/A 3,600+ -16.60 8.9
5 10 4,205 22 2.59 5.4
6 20 5,735 14.6 1.90 6.4
7 ¢ ’ 30 5,694 274.0 5.85 7.8
8 40 N/A 3,600+ -15.17 10.26
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Figure 7. Sensitivity analysis of total average cost and tardiness time to tardiness Cost

Total tardiness time (Hours)
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Table 4. Testing results of large-sized instances
) Average Cost(¥)
Ins. | D MinPts Clusters — - CPU(s)
Initial Cost Final Cost
1 2 155 115,842 91,053 316
2 3 77 110,240 95,034 195
1,200
3 4 62 104,186 86,906 229
4 5 55 106,934 88,394 37
5 2 176 114,508 94,582 322
6 3 94 115,680 92,160 151
1,400
7 4 72 113,259 103,055 214
8 5 65 114,330 90,634 164
9 2 197 116,036 103,740 302
10 3 112 106,158 96,252 318
1,600
11 4 74 116,304 97,880 193
12 5 72 120,538 92,860 156
13 2 223 115,655 104,615 279
14 3 112 108,417 96,252 272
1,800
15 4 85 113,730 91,695 210
16 5 74 110,199 93,757 144
avg. 112,626 94,929 219




Initial total avereage cost (W)

cost (W)

g

Final total average

Total time (sec)

g
g

3

2

2

1

1

2

2

1

2,000

1,

220,000

Pick-up Service Vehicle Routing Problem With Flexible Assignment of Depots 143

00,000

50,000

W Without clustering
With clustering

200,000
50,000

00,000 I - z *
50,000
0

00,000

80,000

60,000

140,000

20,000

00,000

80,000

I Without clustering
With clustering

+

o
o

=

8 & 2

1200

1400 1600 1800
Total demand

500

s
8
3

- Without clustering

With clustering

5

=1 - z

1200

1400 1600 1800
Total demand

Figure 8. A Comparison of average costs and time with and

without clustering
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Figure 9. An improvement of total average cost
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Table A1. Parameter settings for clustering algorithms

Algorithm Parameter Settings
DBSCAN e: auto (Kneedle method), MinPts = 3
Mean Shift bandwidth: auto (estimate bandwidth)

Affinity Propagation| preference = None, damping = 0.5

=33
(Total Intra-cluster KNN Distance)=
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Table A2. Comparison results of clustering algorithms
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Table B1. Data sources by district

Source
https://www.data.go.kr/data/15008536/fileData.do

Region

Don-gu

Michuhol-gu | https://www.data.go.kr/data/15016234/fileData.do

Yeonsu-gu | https://www.data.go.kr/data/15039735/fileData.do

Nandong-gu | https://www.data.go.kr/data/15067119/fileData.do

Bupyeong-gu | https://www.data.go.kr/data/15148157/fileData.do

Gyeyang-gu |https://www.data.go.kr/data/15039184/fileData.do

Seo-gu https://www.data.go.kr/data/15039509/fileData.do

Jung-gu | https://www.data.go.kr/data/3079659/fileData.do

) Total Intra-Distance

| D] Algorithm
Mean Std.
DBSCAN 330.8 18.3
1,200 Mean Shift 464.9 21.6
Affinity Propagation 464.9 19.0
DBSCAN 351.8 21.9
1,400 Mean Shift 496.8 32,6
Affinity Propagation 482.7 274
DBSCAN 373.4 237
1,600 Mean Shift 517.7 15.6
Affinity Propagation 506.9 335
DBSCAN 378.9 21.2
1,800 Mean Shift 534.9 15.8
Affinity Propagation 518.6 347

3 ZA3}, DBSCANO| & #A| 7] A 71 & 74
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Table C1. Average cost by p,

Ins. %o Average Ins. % Average Ins. Py Average Ins. %o Average
Cost(¥) Cost(¥¥) Cost(¥) Cost(¥¥)
0.5 107,609 0.5 103,076 0.5 108,072 0.5 108,726
1 0.7 107,808 5 0.7 103,047 9 0.7 107,888 13 0.7 108,636
0.9 107,777 0.9 103,024 0.9 108,395 0.9 108,661
0.5 100,794 0.5 109,400 0.5 99,785 0.5 101,729
2 0.7 100,830 6 0.7 109,401 10 0.7 99,796 14 0.7 101,594
0.9 100,830 0.9 109,439 0.9 99,972 0.9 101,757
0.5 93,667 0.5 107,383 0.5 107,325 0.5 105,579
3 0.7 93,985 7 0.7 107,559 11 0.7 107,862 15 0.7 105,742
0.9 94,176 0.9 107,667 0.9 107,568 0.9 105,830
0.5 93,850 0.5 103,421 0.5 115,914 0.5 102,707
4 0.7 93,764 8 0.7 103,438 12 0.7 116,069 16 0.7 102,780
0.9 93,914 0.9 103,562 0.9 116,134 0.9 102,779
Table C2. Average cost and CPU time by o
Ins. N Average | CPU Ins. N Average | CPU Ins. N Average | CPU Ins. N Average | CPU
Cost(¥) | (s) Cost(¥*) | (s) Cost(¥*#) | (s) Cost(¥*) | (s)
0.950 111,070 | 13 0.950 110,427 | 13 0.950 112,589 | 14 0.950 113,890 | 17
0.965 110,806 | 16 0.965 109,692 | 16 0.965 112,417 | 18 0.965 113,916 | 21
1| 0.980 110,394 | 24 | 1| 0.980 107,264 | 24 | 1| 0.980 112,073 | 27 | 1| 0.980 113,770 | 31
0.995 105,724 | 71 0.995 97,264 | 78 0.995 106,944 | 86 0.995 107,287 | 99
0.999 100,052 | 324 0.999 90,733 | 361 0.999 96,337 | 399 0.999 94,769 | 454
0.950 103,881 | 13 0.950 112,605 | 14 0.950 104,024 | 14 0.950 106,234 | 17
0.965 103,304 | 16 0.965 112,391 | 17 0.965 103,869 | 18 0.965 106,471 | 21
2| 0980 103,398 | 22 | 2| 0.980 112,108 | 25 | 2| 0.980 103,449 | 26 | 2| 0.980 106,312 | 31
0.995 98,376 | 70 0.995 107,695 | 80 0.995 98,184 | 86 0.995 99,694 | 96
0.999 95,009 | 317 0.999 102,200 | 364 0.999 89,399 | 402 0.999 89,936 | 443
0.950 99,097 12 0.950 109,581 | 14 0.950 113,609 | 14 0.950 111,585 | 17
0.965 98,583 15 0.965 109,348 | 17 0.965 113,512 | 17 0.965 110,998 | 21
31 0980 97,965 22 | 3| 0980 108,873 | 25 | 3| 0.980 112,826 | 26 | 3 | 0.980 109,632 | 31
0.995 89,720 | 69 0.995 106,962 | 78 0.995 102,853 | 85 0.995 103,047 | 96
0.999 82,972 | 313 0.999 102,150 | 360 0.999 93,824 | 398 0.999 92,635 | 442
0.950 100,542 | 14 0.950 108,830 | 14 0.950 118,802 | 13 0.950 107,607 | 16
0.965 100,035 | 16 0.965 108,539 | 17 0.965 118,674 | 16 0.965 107,449 | 20
41 0.980 98,248 | 23 | 4| 0.980 108,097 | 25 | 4| 0.980 118,364 | 24 | 4 | 0.980 106,772 | 29
0.995 88,389 | 69 0.995 102,250 | 79 0.995 115,051 | 84 0.995 100,713 | 95
0.999 81,605 | 310 0.999 89,387 | 358 0.999 108,679 | 399 0.999 90,992 | 442
A} 2N T8 AFEoks HIZ2Y 2 fdgfEl 2, HlolH rloldott
A Jdhota A FE oA 20250 SAHIE H A 2009 F= Auburnth Sl AHY BIA] 28l F-8} kol A
SSh0 LA SRS E A AN AT Folr  aretele A el 013t eLalel S g1 8
79 AFRoRE BAN T, 72 5A, BB ol sholl ) ;42 A3 Itk 2 Aok SOM, Y E R
2 LI A 2 FA ol BAleW 2 A G, vietF2
A JH St AAA G TS AN 2025 A E H 28 darelF, waled, Ak Solth
S8kar A tal A7 G5t Aol At Foltt
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