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A Preference-based Multi-objective Optimization for Crude Oil Movement Path

WANG Shu-Han">? DU Wei"*? TANG Yang"*? ZHONG Wei-Min**

Abstract The planning of crude oil movement path is a crucial subtask within crude oil scheduling, directly im-
pacting the stability of crude oil supply and the efficiency of oil delivery in the production process. Given the need
to consider complex equipment conditions within large-scale tank areas and strict industrial production constraints,
while also balancing the number of valves along the route with pump unit capacity, the current reliance on manual
experience of schedulers for developing path planning schemes poses a challenge to the application of traditional al-
gorithms and evolutionary algorithms. Therefore, this study undertakes a meticulous mathematical modeling of
large-scale crude oil tank areas based on directed graph structures. It proposes a preference-based multi-objective
optimization algorithm for crude oil movement path (PB-MOO), overcoming the limitations associated with past
heavily manual methods and providing an intelligent solution for crude oil movement path planning. Experimental
results demonstrate that the algorithm can identify high-quality candidate solutions for complex tasks while meet-
ing practical constraints. This validates its feasibility and effectiveness in this field.
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Fig.1  Schematic diagram of crude oil scheduling process
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model for crude oil tank areas
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Fig.4 Preference pump weights of two subtasks
starting from tank T05 and T13
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Fig.5 Crossover operator diagram
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Fig.6 Mutate operator diagram
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Table 2  Information of partial storage tank nodes

E-T01-1

WAEETW () @EEER ()

To1 4 000 16 000
E-T01-2
E-T02-1
T02 4 000 35 000
E-T02-2
To03 E-T03 12 000 45 000
To4 E-T04 10 000 16 000
E-T05-1-1
E-T05-1-2
TO05 12 000 45 000
E-T05-2-1
E-T05-2-2

R4 HOEEN REE

Table 4 Information of partial pipline nodes
(ERCES B WL 12 ]
8-E-104/T06 TO06, N6 S 16 001
10-E-022/T06 4t0E-T06, N5 5 11 602
10-E-023/T06 4toE-T06, N1 5 11 603
7-E-102/T06 4t0E-T06, N4 S 11 605
E-T06-1 TO06, 4toE-T06 I3 11 607

3.1 SHKRE

AT KWL S A B IR A
HERURE B N 100; S RIEARIRECR B 9 100 % &2
SRR NAR SR 4y I B BN 0.9 A1 0.2, FT A SEIG
BEE 15 R, AT B RN BT3RS 1 b R
It (Pareto Front, PF), ¥ 15 g7 45 RAHAE N
e Z2FERTHY. /£ PB-MOO H, W E m = 20, HI4HEHE
K& 20 ARARE D7 S AL (S EAERE A B8 — IR if
BLE.

T3 — AN bR ) 8, B RICATIR A
FREL, R NSGA-IT #8453 AL i 245 B Ve
B HFRE RN EE N 1000, B ORIERREEE N
2 000, HKEE LLXT BT IR BT el S FERT R B A
BIEE.

TALS HAR I BAR B ANR 5 B, N T B
REBELFEXATS, Bk T AR FAESEE R
Hir & E. F A FAES I T — 7 K 5 i
M, MBS A R TR S BN TR 5N
PRI, FR BN RERS AP NG A T R 0 — 4

®5 OERAESUE

®3 HSRENEER

Table 3  Information of partial pump nodes
B R (/b)) R (m)  BUETE (W)
PO1 47 175 8
P02 100 120 12
P03 200 160 32
PO4 500 150 75
Po7 800 150 120

Table 5  Experimental task settings
TAESH AR DS FoRIAE (m*/h)
TO3 CDU-B 500
’ T11 CDU-A# 1100
To1 CDU-B 300
TO05 CDU-C 500
! TO8 CDU-A 1 300
T20 E-14 % CDU-A# 300
To1 CDU-D 300
TO05 CDU-B 500
TO8 CDU-A 1 300
0 T13 CDU-A# 1100
T20 E-14 % CDU-A# 300
T17 E-12 % CDU-A# 500

W1 5 P, R xd BA A A 7AE 55 B i TR
H bR EEAT I, B RS BRI 2, A2 3)
AR5 AMEPEB AR T T8 B FEAT 55 £ 2 T B
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Fig.7  Crude oil movement path planning

under two subtasks
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Fig.9 Crude oil movement path planning

under six subtasks
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Table 6 Each task obtains the mean and standard deviation of HV values through different algorithms
NSGA-IIT RVEA MOEAD-LWS PB-MOO
2 TAES 9.287¢ + 2 (6.1e + 1) 8.124e + 2 (1.5¢ + 0) 8.176e + 2 (9.5¢ + 1) 1.061e + 3 (3.5¢ + 1)
4 TAES 2.772e + 3 (1.9e + 2) 2.021e + 3 (2.4e + 2) 2.732e + 3 (1.3e + 3) 3.632e + 3 (3.8¢ + 2)
6 T1E% 4.275¢ + 3 (9.5¢ + 2) 3.726e + 3 (1.9¢ + 3) — 5.499e + 3 (1.9¢ + 2)
x 7 EBMESEEAREESS] IGD HMBSHME S hrik 7
Table 7 Each task obtains the mean and standard deviation of IGD values through different algorithms
NSGA-IIT RVEA MOEAD-LWS PB-MOO
2 TAESS 7.461e + 0 (3.8 + 0) 9.123e + 0 (5.2e + 0) 1.865¢ + 1 (6.1e + 0) 3.543e + 0 (3.2¢ + 0)
4 THES 4.448e + 1 (3.7e + 1) 7.841e + 1 (4.6e + 1) 9.247e + 1 (1.1e + 1) 6.765¢ + 0 (2.1e + 0)
6 TS 5.167e + 1 (2.3e + 1) 1.054e + 2 (1.5e + 1) — 4.313e + 0 (1.5¢ + 0)
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