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A2 AGY B gimis S5 S AXSIE uIRef Al|W B2 A, ST AMFY, WU W E R
4 SO0 =KD US (Li, Y et al. ,2025)
« SH2YDF 20M0M = AGVE &80t Xttt of|L X £t2[7t SHESEX| T AA|2E HHE{2] 2t2|2f SHA|
ot 5ot 28 StF0|A 2 (X3} 0|F0| £ AUMZE HOFAS (Hu, Y et al. 2025)

o 0O|0f] 2 9i71= AE{0|'Z9| AGV 28 H[O|EE 247|510 2t E5tE nefst =& QH|IZHS Hotstn
E|1IEP-.TEI¢'§!(GWO)E 18510 2[H A2 B Gl A|F2|0| MO 2 HESH(Mirjalili et al. ,2014)

MK E) YHE Ci|O| & =5 EQl
Nitish Singh et al. MILP 714 HlolH AGV 224 ES /Lt
(2022)
Yantong Li et al. MILP It CllolEq A3 T ARt 2| A3t AL
(2023)
Cun Cheng Lin et al. Reinforcement LR It HlolH AGV &7 H| 8 Z| A3} Xz /4t
(2023)
Rui Zhao et al. Reinforcement LR 4| Hjo|E AGV HiE|Z]| =T &4 £| A3} gt
(2025)
Zheng Xing et al. MIP e cllo|Ef 20t =Y makespan £| 48} gt
(2025)
- —— AT EHIOIE AGV 7t87d %|chst sot
sl 14 Meta-heuristic A% CilolE a1 ':Hjﬁ’a’ e ST
5

3. Proposed methods

+ A8 H[O[E
« AGV:%tE(25.07.27. ~ 08.26.) 7|2t 20| AGV?t S T A2t TimeStamp
. STS: 81 D(25.07.27-08.27) 712t 20| STS Tefelel Alzithe S| 745 U9t HEiE

AGV H|O|E{ Of|A| STS C|O|E{ Of|A|
UM #J| | CHO1 | CHO2 | CHO3 YUA| 1 2 3 4
: 07/27
1340 | 301 1 0 0 /2, 0 0 40
1538 | 301 0 0 1 po 0 o 18 0
3141 301 0 0 0 1:00
3809 | 301 0 1 0 o 0 0 1 12
14:57 301 0 0 0 07/27 30 0 0 14
3:00
1750 | 301 0 1 0
07727 10 17 36 0
58:14 | 301 1 0 0 400




3. Proposed methods

C|0|E| EDA

EFA B AGY ZHE
SUHAGV T 2l STS XU
A2 AGV 7 2149} STS X2k

Usage Frequency by Charging Station

300
2504 | -
2 200
T CHO04, CHO50i| ZTo| H&&
E
100
50 4
o CHo4 CHO5 CHO1 CHO6 CHO2 CHO3
Charging Station
<ETAEAGY ZTZ>
7
- H|OJE EDA
— *I‘lA =E] AGV x-l EF
- QYUHAGV ST 22t STS 2zt
—  AI2HHHE AGV 5 5159} STS 2zt
Total STS Workload and AGV Charging Counts by Day of Week
= et |
- IS 42Y 22Y0 TE
3T £ v S o] e
L 2990 5 27t $2 g el

2000

Wed Thu Fri
Day of Week

<QUH AGV 37 3149} STS ZHU




3. Proposed methods

- Ci|oJE{ EDA

THL B AGY WY

QU AGV £ 3129t STS &2
AlRICHE AGY BT 49} STS Hela

S =

Average STS Workload and AGV Charging Counts by Hour

Average Workload

2x
j ______.;(”
\“/-x
.
X
x

*=m 7T

arging Count

zoizfo| B AIZH| ST 4
Bl Sotots Aol Cht 2

35

N X
60 x
o 1 2 3 4 5 6 7 8 9 10 1 12 13 ¥ 15 1 17 18 19 20 21 22 23
Hour of Day

<A|ZHHHE AGV ST 2142} STS ZhHak>

3. Proposed methods

© T w8} 7|8t 5 SH(FDTC) MY
~ E{D|20] AIAIZH R Sj0l W2t EH UHBE Tpea (25%) EE Toyrpeax (B0%) 2 RABHH| #7
Woeq: Q3 =73.18 (T2 AJ2 ML, STS R 42914 7|F 329/)
Wotrpeat: Q1 = 62.82 (RT3 K242 A3, STS KU 42914 I|ZF 12914)
- Peak AGVEI JH8E RIISH| 915 22 ARLE HBHHO BT oiA(2 o)

Off-peak: ACHRNOZ &=

E{0|2 ZUZF - Peak/Off-peak 27 —

Problem Diagnosis: Conflict between STS Workload and AGV Charging Demand (with Thresholds)

AGVIt HIHo = FHOI=8 R (MHH

3H)

> AGVSOCZQl - XM o2 A

Automated Container Terminal Layout (Schematic)
Quay Side (Sea Side, 6 Berths)
STS Cranes

6 Charging Stations

Average Total STS Workioad (De
Average Daily AGV Gharge Start Gount (Supply Drop)

Yard Side (ARMG Blocks, Parallel to Quay)

AGV Travel Distance to Charging Station (from WSTP 2nd Lane}

1225m

w oo ow
Hourof Day

Off-Peak 62) wem STSWorkoad == AGV Gharge Gount

== Peak =7318) e

<STS Workload/AGV Charge Count Comparison>

780m

373m

<AGV Yard Layout>

10



3. Proposed methods

« O|+FAMA A|Z2][0] M (DES) 22 =
- Simpy 2l0|E2{2|E &8510] A AGV U THL 2 BAS TAL
- AGVE'EY F, 'S, ‘5 &, ‘|7 LEHIE ¢ 2

= Aa|

- DES B® 7|2 mato|g - & AI2H/EH A|I2H g2(Stochastic)
X T, B2 31588 2= Up2E ALR(SI% 8%)

T: TN Al2E 2o &g (6 € {0,1, ..., T,p,}) T charge: SXH BHE]Z| THEFO| H|2{|5H0] A7
N ¢y 60 (2YEl= TH AGV Chi)
N harger: 6 (BT TH) - O X AR RS Fotet Halof| k2t AR S X7F)
Tcharge: 30 &2_}% *lflg-) Erate = f(Ebase' W current, D)
T,p: 480 (12| 3T £ 2F AR
Tj,p: 3.15 (AE|O| =Y A2t 212 AR 0.15%/min 1782k (CH2]5)

Toim 43,200 (A[Z2|0]4 5 A2t

302 = 30 * 24 * 60) Y 2ot 222 Hx) Dl A) HYY0.5
Epese 712 04X A2 (Sfoi2ol w2t 55 X%) ol Hl215t0] 223 57}

i

8

u
>

|
AlZtEtQ): & IS A C

o
SO, 2t O|HIlE 2r°d Al DES 20| 8HT ArA

11

3. Proposed methods

* Grey Wolf Optimizeriralili et al. 2014)
— Grey wolf2| AI2|HN H|F LX2} A WSS 2RI HEIFE| AR XXt dn2|F
- N 2H £2{(wolf)E 2|H(Z|4e £F 1) HEYE 27010 2IX| HOIO|E HIHLIZ
— EiM(exploration)t At (exploitation)2t #H S 2 Search Space 8% &AM

mE(0]E 4E Fo| B SO Al 2 =

M8 =33 {X] Y4H[0|E

0

o s . X(t): 8ixf =CHe| 2|X| (candidate solution)
D=|C- X0 =X X, (1) 2E(2IT,, Alpha/Beta/Delta)2] 9/%|

R . o A,C: epu/A31E Aot 4 HE]

= > —> =3 ~ — %FA—|H i A
A=2d-7-d C=27 (Exploration)0i|A 3

AtF|(Exploitation) 2 &t
m,73:[0,1] #S2X Lt

'\
A
AR
e

<Hierarchy of grey wolf> <Position updating in GWO>

12



3. Proposed methods

Grey Wolf Optimizeriraliti et al. 2014)
- GWO2| ZHE (oM X2, local optimum 2|T[)2 sl Q11| HA[ZE Y
ol =igstH, DESSIe| Sete 2 AA| Ho|'d Hlo|E 2|Ht HE Jts
— L2 HEtZ2|AEI(PSO,SA,GA §)1t H|W A| GWOE CHS FHE off & M Chas J1XRQ} 2 4~
HALKE SO 200 U (L, Yetal., 2025)

I
ot

HiE= A
L-O O

mjo

Che

rir

<Hunting behavior of grey wolves> N T T |

ww w W

<Search history and trajectory>

13

3. Proposed methods

Grey Wolf Optimizeriraliti et al. ,2014)

— FDTC H&o| =l HpQ Theak 2 Torppean (=5 BAIR) | 21K Z2tS B4 (Decision
Variables)
AGVE| I3 A2t 72 E a5t S A CH| Y2 %[A3HObjective Function)

minF = — wWq Apeak + ) Qavg

- A o3 Al2F AGV 212 L4 maximize

pea.

ZtETp eak Navail ¢

Apeak = x 100

|Tpeak| + Nagv

- Q,, 8z ST 7| s minimize

0 _ Yter e

avg — |T| Thear * o3 Al2fTHel et

Navail,¢ * AIE tollMe] o1 AGV L4
Nygy * AGV CH
IT| : TN Al22{|0| 4 2|2+ Fgt
qc + AME toll 2] ST A OHD|E 20|
(wy, w, >0, SI0|TH If2f0|E F'd Q)

14



4. Experiments
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5. Conclusion

* Conclusion
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