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Abstract:
Gorges-Gezhou Dams Hub, a co-scheduling problem of
approach channel and ship lock group (CSP-AC&SLG)

To improve the passing efficiency of Three
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with synchronous moving process was studied. In
consideration of the ship freeboard height and steering
skill, a mathematical model of CSP-AC&SLG was
formulated, aiming to maximize the water resource
utilization, minimize the average waiting time of ships and
minimize the average total energy consumption of ships. A
multi-objective hybrid heuristic algorithm (MOHHA) was
proposed to solve the problem. MOHHA makes use of dual
chain coding scheme and staged group right-shift
decoding strategy to respectively represent and decode
each solution. A fuzzy correlation entropy analysis method
was triggered to assess multi-objective solutions. An
adaptive parameter adjustment strategy and variable
neighborhood simulated annealing were then inserted to
enhance the resolution ability of the algorithm. Simulation
results demonstrate that MOHHA can deal with CSP-
AC&SLG,
navigation efficiency and saving the energy consumption

realizing the dual goals of improving the

of ships.

Three Dams

synchronous moving process;

Hub;

cooperative operation of
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2o BV AAAE 28 W] A 200 280 455 i % IXORT R 421
B\ DX (R AOLTRR 71X ), R A A 0 AT B 2 1 K3
JEAREENIREE 2 R, 2yt (25) (A B0 I 251 R
%o LR (26)~(28) F W 2 4~ L W] UK d5e /N ]
(] B, v 249 3R (26) O Fi b RUER 5 R ] d5 /s
Fis ] 1] g AN 2 8 2k I R 8 2 s ], G o DRI T30
W1 5 k254, 29 (29) | (30) 5 XK 5 HAA
[ F R 5G 22, BRIV []— el ¢ B A s A0 A A TR F 4 s
B FNZE R ] . 295 (31) F B MIA — ELigk ) R mf
BT RNAEERHZEI S . AR (32) L (33) 43 3l5E X
P AP R AR P DX A 7 ek ) R0 ) YR BRI ) . 24
A (34) L (35) 43 Tl 13302 o o o 2 AR M
RER - XME . 293K (36) m S 75204540 M0 IR) 25
FETA [R5 1 ) R[] 25 ) D S B2 e S e e
ZENE ML N AR R TR 07 i (B = i
MR 265 e 1) [ A5

2 ZEWESRANEZX

2E4 BEAESA E (evolutionary algorithm, EA ) 178
AR IR FIE k 535 (variable neighborhood simulated
annealing, VNSA) , 5| AR SCICE 7347 07k, #2410
T —FZ HARIE G 5 & UL (MOHHA) 5K fi
CSP-AC&.SLG. MOHHA K 4w, Hirb g
G ol He EACBON R R, ez kT, E
ST BUE S i 5 58 FN 53 B Be L 2H A B A A SR g
SERGL AR FR R 55 SR TIOR DCHR R 7
Mrid PPl 22 B As i iYL I ARG 280 38 )
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Fig.4 Flowchart of MOHHA

2.1 WEEMmIATR

55 MU AE | SR FH 28 T A0 15 5 B R0 A 1
Jite 3 PR B A AU Gt 7 58 . T O BEML AR 2X N
Br 4 S0 o= (0, w,, -, oy) ZRBHITF
o FRER IV, 0 €ULL, N |15 H
V=(V,W,, -, W) RN 0, W RN 5%
HER AT R Ty 1), Pe 10, 1 o 3 RPN T
] AL BBt e RS , i = (o, 7, 0, ) RN o
T AL AT ) 3 RS8N, AN REZS A R R

FE AR, PRI @R AT ETT o R S AATEA G BB
e, B (o) AR RN A Q& 5 iR

i i
| I
I |
I 1
I I
I i
I‘ qll ‘ ‘ WZ ‘ " ‘ !Il[ ‘ ‘ !Il‘V ‘1
I 1
l | 1 | 1 | | |
SEEpEsaE B Sl e B
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I
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Fig.5 Dual-chain encoding scheme

2.2 SMEMAATHEDEKRE

SRR A, T A T B B A RS A O
W&o B 5, BT AR AN A 2 RO U S T
AN TS, R 0, S ARZEL LY B, AR 5
P, A HESOE PRIV 1S SRR R A AR
fiti 5 X BN ZI R AU G DA DX, NAFAEAEA it 45 X 25
BFI) s )i, e HEREE i PRI 6 (0=>1) 32E A L4 A
DX CHEADURE R DX AR ), 257 78k AR R F AR A X (i
OV ) DX s ) ) BRI (6— 1) TEAE o FHIZ2 X s, U5
FEPTIAE A X (G BADX B ] X)) A5 5 , 5 U] L A
JRE AP 2 A DX R AR ) X A T ) o

151+ B S ) 1% 1O R AN i F0 G A IX
JREADLE ) DX K038 2 1 S48 Tl &= A 30 R
(266 m, 32.8 m) , [7 | JHEAE B[R] R FE K B [A]E R
k28 min, F 45} 18] 2 30 min. AR ES T )
FATREBN, B 2,=0, {53011t & X 380 i 400 2 A IX P
1 km, [F2EFEENFE 211 200 mo E5[ MR
BT R R BT 1 85 518 0.8.0.5.2,
A 5 LSRR 1o BI04
SRR LR HEMMTY 3>7>6>4—>1—>
8>2—>10—>5—>9, TFANfFEMIFEUT

F1 WikEHE
Tab.1 Testing data

AR v,/ (mes™!) R/s l/m w,/m P, /kW P, ,/kW A; @,
1 1.0 13 87 14 1724 169 18 2
2 1.2 19 108 16 2236 253 12 10
3 1.0 1 108 18 2315 274 9 10
4 1.5 14 85 16 1267 116 18 5)
5 1.4 12 92 17 1684 218 14 9
6 1.2 3 150 25 2839 382 11 5
7 1.2 8 120 17 2693 341 14 10
8 1.4 12 74 13 1073 100 17 10

9 1.0 28 60 11 724 85 9
10 1.0 24 90 16 1251 182 16 2
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WL FERE I Gw BA DX, ARl A A0y 91 AL
B HEL A B4 A TR B LR ¥4 [3,7]—
[6 41—[1,8,2,10]—>[5,9]. WA M@, 15

§UIEJ}/FLrU/;1\sz\U/; ﬁ%]j‘j (02 0.7,
1.0)\(0.5,1.0,1.4)\(0.4,0.8,1.2)\(O.1,0.6,

2 p=1 =18l =
L35, = = max {Z;;,AFg, 17, ARy } =1001s; t35ap0 =
2001s+2165.7s=4166.7s,

4 p=2 i}, Lo, 1pa—

3 1ra 8s; L3, A7 —

L7, Lrg

max { Re, 5,00, —

1 + 1 OOO/vg =1001s, t7 arg=
=2001s, 23 100 =

! 7,AFw

1 OOO/"UG}:167. 67 s, ty1p =

0.8) m-s ',
B2 TR O AR B TSI i A
X B ] (7,06 « B 38 FES H 5 480 g BA IX B[]
(z‘, \Pg, Livrg)  BIIRFNEG T R AURR W] DX (2, apws Liirw)
jtirlHTIEﬂ(tl,m)o
8+ 1000/v;,=841. 33 s,

=2001s; 13100 =17100=

! 7,LFw

max { Ry, £;,16, — 1 000/v, }=334. 33 s;

ts arg = Lu,arg — 1 001 s, Z5 1 r, = max { L6, AFgs L3100 ZOO/VZ,l }: 1417 =1 601 85 £ Apw =Ly ary = 2001 s, L5150 =
max {ZG,AFW? 15154 TL 30 X 60 S} =y pw— 5966.7 Ssle.pd =Ly Lpa — 5966.7s + 2022.9s=7989. 6 So

M p=3 K}

— maX{Rg, [6,I,Fg -

s Zl.LFa:maX{Rl’ Lo 1rg —

1000/v; | =

L3 LFa

1000/v, j=

767.67s, to ., —max { Ry, 2610 —

601s, t51p.=

max { Ry, 5,16, — 1 000/v, } = 886. 71s,
1000/v1 j=6018; £y ar=

I, Apg —

o arg = lo,are = 1 601's,  #;,1pr,=—max {Zl,AFg, Lo, Lrw — 200/V3,1 } =l 1pe = Lo irg = Lo, 1rg — 0 466. 7S5 L1 apw =

L5 Arw = Lo, apw = Lio, apw = 0 966. 7'S, 11 1p, = max {Zl,Ava Ls,1ra 1 30 X 60 S}:If& LEw —

Lo pw = Lio,LFw — 9789.6s;

Zl,Ll—'d — [8, LEd — [Z,I,Fd — [IO,LI-‘d — 9 789 6 S + 2 096 7 S— 11 886 3 So

,\i!lb:é“ﬁ‘, ls,1pa— maX{R.%, liLrg — 1 OOO/US }:

4 752 4 S,[gvl‘pﬂ — max {Rg, Z‘l‘[fg -

1000/v, | =4 466. 7 s;

Ls.re = Lonrg = 5466. 78, 5.0, = Max { £5.ar Lirew — 200/ Vit | = toi =7 789. 6 55 Ls,ap = Lo, e =9 789.6 s,

[5. LFw

=max {5 arw, 1,100 T 30 X 608 | =t 15 =
B3 MK o h AR TR A A DX
LA A IX. K g FUARE I DX A S5 B I

X TASAEE X SFRHNR] £, anchor = L 100 — R A5
=0, L. mehor = 164. 67 S, 14 senr=2320. 33
=588's, g, wchor =874. 71 s, Zz,amhor:748. 67 s,
110, nchor =577 S, 15 anenor—4 T40. 4 8, L9, spenr=4 438. 7 s

Xt HEAPI s BA DX S5 ] 2, wie = litrg — Liargs 18
B 45 wi=0, lrwr, = 159. 67's, t5.wre=t1.wr,= 600,

l 3,anchor™ =t 7,anchor =

S, 4 1, anchor

Lowte = lswig = Lowrg=lo.wie=3 865.7 S, lswr—
lowre=2 322.9 s,

X T HEADLARE 7] DX SR B 18] 7, worw = L ew — 2o abws
S B wrn=lrwre =0, Zowrv=lywre=3965.7s,

Lt = Ly wrw = Lo wre=l10wiw=3 822.9 S, ls.wr=
Lo wre=5896.4 s,

$BA 2L EHE KRR AR E, =
47.8%, Mt ff 7 ¥y & 15 B A] F,=6293. 7s=
1. 748 h, FAA M REFE F, = 10 655. 18 kWh.,
2.3 1RHIKRERI D TR

SRy Fff DR KCGE R A 2R A0 ST 2 S5 AR s ) B
ANEREFESE 21 B AR R B 0h R I O, 5] AR
B IR A3 AT, B SR FASOR S I R 4 o AE H
BRIt , o (E SRR IR it AR SR A R R

13686 8525 100 =

= ly1re— 136865+ 2022. 9s=15708. 9 s,
ﬂml ﬁ%%}i';ﬁﬁ BEA X A p(A,,)=
(FL(8,),Fy (D), Fi(A)) 31 255 % n =
{Fl(;, beslyFZ;, bemFs;, hest} ZjJ 78X % % ,'»5\ Mg worse ——
{Fogosoner Fogouoner Faguone j» Fo H F1(A,)L F2(A0)

A, ) 3R IER g HAME A, 1K B IR A A
{RIEC AR 24 55 5 I 1) S AR AR S BERE , ne {1,
QL QHFIEEANEL, gE11, -, G, G AFKIEEL;
F iy et TN F g e 53R AR g 0 HAR & 118 /N AR R
{B,AS11,2,31,3 9 BAREEL

FR2 R E B
FEEu(F.(A,)), BN
u(F.(A,))=
L Fi (A )<Fu

PREIE S T AR & B

FF(A)_FF Frn < Fl 8,)< Fiyu
0, Fi (A )=Foyu
37
JC EF‘ F/(;, T GF@ worse s Fk;, ,UFfzg, bests O %ﬂ U %?JU j‘j

EFRETF(a>1,0<8<1).
i R SO RN R I brI PN = Rk LY ]
FUA)={u(F (A,), u( Fo(A,), ul Fy(A,))
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FE AR B SE U (Y, 00)={u( Fppe0)s t( Fayes),
U(F o) fo
R4 AR ARBOM AR LRI TR
WIS R 8 o, HoR i S S0k 21
2.4 BMASHBENRENHENEEMBEINTE
(DIEFE T W RGN,
FRIEAKRA,, AR .

o (O(U(Allg')’ U(Yg,best))
é\n,R - .

2,0 (U(Ang ), U(Yg,best))

(38)

bPes=
pcmax’ (On < {Ogﬂvg

2 pe  FRIEA G BIZE LT 3 P \Pewin HIE XML
ETRF 0, AR A, B SC IR 22 B (3 R R
16D 50 gm0 v T3 I R EEAR g HH B KBRS SCIBART 2R %K
NIESUPRUSEES /8

BN Z kAL ALSFERAR IS G Bttt

A, FTIEAC G BIE T Do romin T ST
RKETH.

3 hExR

S EIE MOHHA 3R fif CSP-ACR.SLG HyPERE,
#H 5 MOEA/D SPEA- [T LA K NSGA- [[ 3 4 i
Z BB kAT et o B A DK 34 7E Matlab
R2019a M 4b 2% A AMD R5-5600H . 3. 30 GHz, I
175916 GB RYBHL L7 .

I T P crnin s P s Prmin ~ e 5 25 B A B 0 B0
PERBRZMA A, DRG] AR AE RS AVRRAE , 1)
LI R EE S IENE R . ST AR
U 2H A 10 07 LS5 20 Y, 30 2k % b S 36 25 5 34
B8, Nk 8| — A RS E . SRS,
4 MOHHA Z 20 B 4 ¢ (Pawns Pen) = (0. 40,
0.99) s (Pumin» Pramn) = (0. 20,0. 60) ,6=1. 4, 4=0. 8,
MOEA/D 38 XA R p BB R 0. 7,728 AL p, BEE
0.1, 38 o3 AT 16 5 9. R 20, 28 5 53 AT 16 8 ., R

g + On

pcmax 7(pcmax7pcmin) (‘ -
G Ogmax — O gavg

G 10 gmax

50, x SHEMLEL rand (rand €[ 0. 1) FEFTELXT, A
T R P

(2) R BB 22 X o A8 SUERAE R R T3 3
[ E FH A B o050 2 S, BV Sl R 28 3 2 S AH 4R
IACARTE L AA 0 51 2o sl B oS I s 5, LR
AR TP I w1y a2y o s @n ot T @3 105 3512,
Wyt BUE {wy1s 0oy o @t T @00, 000,
w b ICSKE MR TR 0(o) T 0(p) s i, R
HATEIE B 2 S T AT G fk . 38 SUEAER
FH A& R B AL AR

)’ (011>(Ogavg

(39
PEEEI 5] 2 5078 S )i, RIBERL™ A6 B O 1 1 2 1k
SRR W=1{£,&, .6, &l IRAE AT ATIE
Bl T 23 T e i 7 iy 1 A B0 70 PO B R PR AR 4, B
JHTH) TG R, A8 SRR R SR P 1 8 A
M, 2 SLANE

g On
+ )’[Orl>(oga»'g
O

(40)

20, PIA% 20 A {4 10, SPEA- Il 250X 8 N . p—
0.7, po=0.3, =20, 7,=20, NSGA- [l 5% &
H: p=0.7, p,=0.1, =20, 5,=10. MOEA/D,
SPEA- 1T .NSGA- [T #1 MOHHA )R EEREL Z 2 K
90, Fe RIEAEL G R 120,
3.1 MR

TR B o, FISERE £ 43 5IRM U(82 m, 107 m) il
U(14 m,18. 2 m) 51504 s AN £ 5 VD)2 P, Rk
SIEEN R P, B AR U (1 410 kW, 8 750 kW) Fl
U(90 kW, 800 kW) B 51 4341 , 5 1 Fk | 4 171
WAL B,) 43 B E M 0. 8 FN0. 5, 55 | 5440,
Ry 21 AR A £ DX AT R IR 40 20 A R
NC10,5) " s I E v IR U(1. Omes *,1.5m*s 1),
[FE RN EE vy, 1 [FIAEHE R EE vy, 0 [0 H AL
Vg I IR 515345 . U(0. 1 mes ',0.6 m*s '),
UWO.1m's,1.0m-s),U(0. 1m-s ', 1. 4m-s )",
FiF A T R v R A RN B BRI T @ a3 Sl R A
UBm,18 m)FU(1,10) . HCHESHb IR FRIGHE A1
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Tab.2 Related data of navigation facilities
mGE M) L,/m w,,/m Lo/ MIN £,,/min Z,.cs/min Z.ca/ MiN
IGCERES D) 266 32.8 4 12 13
2(db4 S ) 266 32.8 4 12 13
3(FHIHL) 110 17.2 40
4(fsim) 1) 266 32.8 4 12 13 30
5O 2) 266 32.8 4 12 13 30
6 (v 3) 118 17.2 3 6 8 15

3.2 AEEMFERHEMRS

F1 43 BT K 40 ) X6 TGGDH 38 i 2% % 19 5%
Wi, BET TS [F) DL ) X BSm ROR SE G . DU N |=
{50, 150, 200, 350 }, K, = K,,=10,1,2} (5 F %)
R 5], K A B E DA AT R B AR A AT B
I LR 5 P (Route-1) AR R A7 BT e RIZE 5
S I AT L (Route-2) AR A7 LA 3 fis 1]

=3

2 (Route-3) , ffs M I A7 L AT 36k 5 A% ) 2 s 1l 3
(Route-4) o BT IR_F- R Ui i $OURE ) X B AR ]
NS AL AX3X A=A Fh AR 5 .
3JE7R T MOHHA B ART- 4 55 1R B B) F, AR
REFEF, HFRMA. 3 3 I E340 20 LT3 1
(Brf)i—17) , T SR AR

B A i X #2 T MOHHA Y SRIG 45 5%

Tab.3 Experimental results of MOHHA under different waiting area sizes

MOHHA(F,/h,F.,/kWh)

IN] B
K,=0 K,=1 K,=2
Route-1 (11.0,5801 460) (8.6,3 166 820) (11.2,3 887 380)
50 Route-2 (10.8,5 665 289) (8.0,3138644) (11.1,3 819 783)
Route-3 (7.9,4 318 136) (5.8,2243 882) (8.0,2938033)
Route4 (6.1,3498851) (4.9,2025801) (6.0,2 834 956)
Route-1 (35.4,182 307 954) (28.8,133 499 642) (36.0,163 532 303)
150 Route-2 (33.0,172 800 561) (26.7,124 928 833) (34.5,158 348 289)
Route-3 (24.3,116 057 354) (19.7,84 744 752) (24.8,104 548 194)
Route4 (18.4,95918 671) (16.4,77 146 178) (20.3,99 785 112)
Route-1 (48.7,411 687 353) (40. 5,317 804 686 ) (49.2,379 870 782)
200 Route-2 (45.1,373 980 546) (38.0,291 576 695) (45.0,337 519 138)
Route-3 (33.8,305 302 286) (28.4,238 693 875) (34.4,284 264 959)
Route4 (23.9,220 416 253) (21. 3,180 958 863) (26.5,232 617 342)
Route-1 (90.5,2 432 764 923) (90. 2,2 344 073 860) (90.0,2 300 832 142)
350 Route-2 (77.6,2 051 250 964) (73.8,1871462138) (77.4,1928 153 652)
Route-3 (59.1,1632 662 598) (58.3,1555 763 328) (58.1,1523 165 752)
Route4 (41.8,1 149 880 006) (39.7,1108 528 322) (47.0,1 256 161 393)
- (35.5,572 769 575) (31. 8,521 234 770) (36. 2,548 892 451)

% 3 AT FEAN RS AR [T, R I MOHHA
SRt 3 T FULART: ) DX 50 i ] A s 745 81 19 1 X 0 45
FFIHR] 2394 35.5.31. 8.36. 2 h, XA AN A BEFE
39k 572 769 575,521 234 770,548 892 451 kWh,
X % B R UL ) X450 X 45 R )R] FTREAE 2 4~ H A
P77 A W RS2 ) 5 R A DR DX vl O 38 28 1, iR
HREAR T AR S5 R B 0] A REAE B AR, JEL R A 4R Al
B HE T 2o AR S A A9 ) B0 T A 2050 e ) 5 i 1)
PR 5 005 ] DX 50 1300 2, 36 1 45 A ik a) Fn B
FEHAREL, RIRFAIS T3 5%, 245 R B A AR R] 25
R IR A 22 AN A0 3 ) 5 2 R T3] B U055 )
DX H (] BT, AN [R] B A% 2 52 i A 1 B

Route-2 B 2.4 F Route-1, Route-4 B & F Route-
3, 1 e B R N it (AL SR ] 3) ] A8 R4 ol 353
ALK, 46, Route-3 1 T Route-1, Route-4 I T
Route-2, Ji K78 T — W fifs ] 5 G 25 ¥ 5 m T W An i
I FsF ]
3.3 A[EHE)IRE KL

Sk B IE vk R i R R, LA AR BN |=
{50, 80, 100, 110, 120, 135 }, K& 8L £ ] X #d K, =
K,o =1 045, {5 A0 2 ] 2 42 2K F Route-1 il Route-
3, % MOHHA 5 MOEA/D . SPEA- Il ) & NSGA-
AT R . e WL, I 4301 359 2R R AH ] 1) 23
5 St A8 KA S 5, B 3RO A R A&k
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i ] 5 MOHHA i 7 120U AR R, SRk a4, FrA (30 20 SLEe- -2 {E (B /a —47)
SLABAT 203K, F 2 HARME S AT I 8] 4035 4 s

L R AR R

T4 ATEXFEHEIRENZEITRIE

Tab.4 Mean objective values and running time of four algorithms

HERE(F,/% . F,/h,F,/kWh) 0]
| N | XRoute I TR]/
MOEA/D SPEA-1I NSGA-II MOHHA S

50XRoute-l  (59.9,11.3,5029 651) (58.3,12. 4,5 653 820) (71.3,8.8,3 588 320) (71.1,8.6,3495 846)  10.2
50XRoute-3 (54.9,9.0,3 821 725) (53.7,9.6,4 124 900) (61.5,6.7,2 649 200) (62.0,6.4,2497775)  11.2
80XRoutel  (58.9,19.3,24377178)  (58.8,20.3,25834412)  (61.8,14.9,17860061)  (61.4,14.5,17318990)  16.5
80XRoute3  (61.1,12.7,14906537)  (59.9,13.8,16473157)  (71.9,9.8,11 093 873) (69.8,9.6,10814637)  15.6
100XRoute-]  (55.3,26.7,53991 946)  (56.0,27.2,54987384)  (65.7,20.1,39066297)  (67.9,19.9,38695498)  40.2
100XRoute-3  (59.9,16.8,31058873)  (60.0,17.7,32887437)  (60.9,13.0,23229307)  (61.6,12.7,22677188)  42.3
110XRoute-]  (56.4,29.7,70319937)  (57.1,30.0,70934335)  (57.1,22.6,51637731)  (61.9,22.2,50720998)  44.3
110XRoute-3  (58.9,19.1,48042992)  (58.3,20.1,50 856 663)  (63.4,15.1,36989123)  (66.2,14.6,35665209)  43.2
120XRoutel  (56.8,31.4,95382264)  (57.6,31.8,96793241)  (68.8,23.9,70638082)  (68.8,23.6,60472593) 45.8
120xRoute-3  (51.3,19.1,51984407)  (50.2,20.3,55365186)  (61.3,15.3,40548451)  (61.4,14.9,39279409) 43.5
135xRoute-]  (56.8,35.8,137 643954)  (58.0,35.9,137727118)  (58.7,27.1,101237077)  (60.7,26.9,100318248) 47.0
135XRoute-3  (58.1,23.3,85868833)  (57.8,24.3,80827668)  (67.5,18.7,67511561)  (66.0,17.9,64413449) 47.7
P2y (57.4,21.2,51869025)  (57.1,21.9,53455443)  (64.2,16.3,38837423)  (64.9,16.0,37947487) 34.0

A TR o e N i Bo775 - E1 P 2o <o = A
1] 34. 0 s N, R 4 B SRAAIAT AT 20K 0 U5 R
RPN 57. 4% .57. 1% 64. 2% 64. 9% , LI
ST A 43 21, 2.21.9.16. 3.16. 0 h, -4
MUBERES> M 51 869 025,53 455 443,38 837 423,
37 947 487 kWh; MOHHA R i Jii f 5 4, 155 -3
IRBEUEF IR -S4 A0 5515 st (B AP Y A a S e
FEor 9 R 64. 9% .16. 0 h,37 947 487 kWh; SPEA-I
SR oL e 2, 15 B 3R BARE B 57. 1%
21.9 h, 53 455 443 kWh, B R 1E K 5 T

MOHHA HIXf T NSGA- I F—4~HFrIfJoek it B
KGR 2% H AR w22 T NSGA- 11, {H 22 51382
AN, HOAZBGAL S BT BB — /N 43 . IR, e
TSR AR RE T &, MOHHA 22 91— 3008 T 3 Fhoxt
H AR

&1 6 Sk 4 F A SRS 51 100 X Route-1 1 135X
Route-1 ) =4 fif 4. I 6 1] WL, MOHHA 7£ 2 4>
Yrsc T RRARAS B i A S O . SRR
MOHHA 7£ A 7K B8 J5 R 28 PS4 A0 4 15 B [
FPF-RIAR AR S REFE S H bR R fefE kR

1.6 D%
= bog v MOEA/D
X Og o SPEA-IT
fé 14+ =] + NSGA-1I
g E}b * MOHHA
w12} Do
+%”EE+
1O} Dﬁﬁ*
40
35 60 65
[,\'/30 25 5 0 5“5/
“h 20 40 F 7

b 135/ A

E6 4MBELRN=HBEE

Fig.6 Three-dimensional solution sets of four algorithms

6 a

— B m]

= q%] v MOEA/D
Z 5 o o SPEA-II
l\C> o % + NSGA'H
= - * MOHHA
E; ]

“ 10 40 £/
a 1008 ARAA
4 Z5iE

ARICWIF T [F2E R IA R ) TGGDH 5| fiiiE

RIS TRV AR B8 [0 98 B2 TRl AL, DA ] s DA K B R FH 2%
SRS 6 TR RSP AR S REFE N B Rt sr 1
Wr AR 5L T XU 2 % 07 58 Aoy B B s 2 45 4% i



59 1 ik

I8, A5 - i B YN UK 2L 5 S AU IR DM RT I 0 22 FARIR 5 R ik

TSRS, 3 ARORI SCIRR 70 B 7 v A T 22 H bk i 58
i), 454 EA R VNSA #2H T MOHHA , LIS 3
TS Mk EA BB RS, iS5l
WA AR A Y 1 3 P AL, IR S P IR A
R B A O 5] Z2 SR S P A SR A R A
KAL), T VNSA #FE— 25 Mtk EA B . MK 52
Hb R BIEE A XA [F] 37 s [ LA T S g0 25

FW], MOHHA 78K fift i/ 7 AL T 3 Fh i 2 H
bRk, AE B4 R ok SE BR 5E A £F Al CSP-
AC&SLG. A 1] 25 [BXT N 24 50 F 5 b E A
(A A I ) 080 B P R A e — 2B 0 5%

EE REk =R

kK T ST B RS SCHE SR, £ BT SO S A
FEEE .

KIABAG < o 1 R R0, Bk i R S B, 58 LS iR 115 51
Jiti, B E I3

Z RIS SR SUE N

FH 2« FE AR 5 S S ek

X AR R S R e S

Sk

[1] JI B, YUAN X H, YUAN Y B. Orthogonal design-based
NSGA- Il for the optimal lockage co-scheduling problem [J].
IEEE Transactions on Intelligent Transportation Systems,
2017, 18(8): 2085.

[2]  ZHANG H, KE J C. An intelligent scheduling system and
hybrid optimization algorithm for ship locks of the Three
Gorges Hub on the Yangtze River [J]. Mechanical Systems and
Signal Processing, 2024, 208: P110974.

[3] ZHAO X, LIN QJ, YU H. A co-scheduling problem of ship
lift and ship lock at the Three Gorges Dam [J]. IEEE Access,
2020, 8:132893.

[4] HERMANS J. Optimization of inland shipping [J]. Journal of
Scheduling, 2014, 17(4): 305.

[5] PASSCHYN W. The lockmaster’ s problem [J]. European
Journal of Operational Research, 2016, 251(2): 432.

(61  SRUtHAR . =ik TR o i (7 BT R HOw T (T]. B Tl
ZHFAE L, 2019, 9(10): 26.

LIU Zuwei. Three Gorges five-stage lock simulation model and
its application [J].  Modemn
Informationization, 2019, 9(10): 26.

(7] B2k, 2550, GRS . = Wefiiilizt 8 EEANLR ki Jr %
Whoe [T]. AR, 2021, 52(1): 114.

YANG Quanlin, LI Hanzhao, CHEN Peng. Research on

Industrial  Economy  and

human-machine integrated design scheme for operation and
scheduling of Three Gorges Ship Lock [J]. Yangtze River,
2021, 52(1): 114.

[8] ZHANG Y, ZHENG Q Q, HE L J, e al. Ship traffic

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

optimization method for solving the approach channel and lock
co-scheduling problem of the Three Gorges Dam on the Yangzi
River [J]. Ocean Engineering, 2023, 276: P114196.

ZHENG Q Q, ZHANG Y, HE L J, et al. Discrete multi-
objective artificial bee colony algorithm for green co-scheduling
problem of ship lift and ship lock [J]. Advanced Engineering
Informatics, 2023, 55: P101897.

VT = A By . AT =0 AR N SR AT A ) 3 ek 7 )
FEBRTHIR [R] BHE KL =IOl i 25, 2022,

Three Gorges Navigation Authority. Research on the potential
improvement of the passing capacity of existing locks in the
Three Gorges and Gezhou Dam of the Yangtze River [R].
Yichang: Three Gorges Navigation Authority, 2022.

YUAN Y B, JI B, YUAN X H, ez al. Lockage scheduling of
Three Gorges-Gezhouba dams by hybrid of chaotic particle
swarm optimization and heuristic-adjusted  strategies [J].
Applied Mathematics and Computation, 2015, 270(C): 74.
JIB, YUAN X H, YUAN'Y B. A hybrid intelligent approach
for co-scheduling of cascaded locks with multiple chambers [J].
IEEE Transactions on Cybernetics, 2019, 49(4): 1236.
RO, W, R, L SET R AR A AN =
e — 5 Y 3L 98 BE AFSY (7). K i RE R AL 2, 2017, 35
(2): 91

ZHANG Jianling, WANG Pengtao, YUAN Xiaohui, ez al.
Co-navigation scheduling of Three Gorges-Gezhouba Dam
based on evolutionary algorithm and meteorological information
[J]. Water Resources and Power, 2017, 35(2): 91.

ZHANG X P, YUAN X H, YUAN Y B. Improved hybrid
simulated annealing algorithm for navigation scheduling for the
two dams of the Three Gorges Project [J]. Computers and
Mathematics with Applications, 2007, 56(1): 151.

ZHENG Q Q, ZHANG Y, GUO W J, et al. Solving energy-
efficient lock group co-scheduling problem with ship lift and
approach channel using a collaborative adaptive multi-objective
algorithm [J]. Expert Systems with Applications, 2024, 242:
P122712.

FERBE, ARHE, F/NE, AR — R R R R R
IBATREE ik : CN110029645A [P]. 2019-07-19.

QI Junlin, XIANG Huaxiong, YAN Xiaoqing, e/ al. An
operational scheduling method for the synchronous moving
process of ships passing the ship lock: CN110029645A [P].
2019-07-19.

LODI A, MARTELLO S, MONACI M. Two-dimensional
packing problems: a survey [J]. European Journal of
Operational Research, 2002, 141(2): 241.

XIAZC,GUZIJ, WAN WY, ez al. Joint optimization of ship
scheduling and speed reduction: a new strategy considering
high transport efficiency and low carbon of ships in port [J].
Ocean Engineering, 2021, 233: P109224.

EGRME, AE ), RIERES, 55 AL 4 )R B A A i 48 ek
SRR PR [T]. RITF IO 4 (A BRFL 1) L 2021,
49(3): 440.

WANG Jiahai, LI Yingli, LIU Zhengwei, e al. Evolutionary



1456

6] 5% K 2 2 (A 4K BE 2 B

%53 %

[20]

algorithm with precise neighborhood structure for flexible
[Jl.
(Natural Science ), 2021, 49(3): 440.

ZHENG Q Q, ZHANG Y, TIAN H W, et al. An effective
hybrid meta-heuristic for flexible flow shop scheduling with

workshop  scheduling Journal of Tongji University

limited buffers and step-deteriorating jobs [J]. Engineering
Applications of Artificial Intelligence, 2021, 106: P104503.

[21]

BPORZE, X, SR . BT GRS I w2k 2 B ARk
e A [T]. SRR R 4, 2015, 21(10) -
2704.

HE Lijun, LIU Chao, ZHU Guangyu. High dimensional
multi-objective flow shop scheduling optimization based on
relative entropy of fuzzy set [J]. Computer Integrated
Manufacturing Systems, 2015, 21(10): 2704.

TERETETETRETETETETETETETETETETETE GO LA TGl TGO Tl Tl Tl Tl Tl Tl Gl Tl Tl Tl Tl Gl Gl Tl Gl Ul Pl Pl el gl Pl el Pl gl gl Ul el gl el gl gl el gl el vl

(E#EE1371])

[22]

[23]

[24]

[27]

[28]

[29]

[30]

CHENG T, TEIZER J. Real-time resource location data
collection and visualization technology for construction safety
and activity monitoring applications [J]. Automation in
Construction, 2013, 34: 3.

CARBONARI A, GIRETTI A, NATICCHIA B. A
proactive system for real-time safety management in
construction sites [J]. Automation in Construction, 2011, 20
(6): 686.

ZHANG S, HOU D, WANG C, e al. Real-time safety
evaluation for slope during construction using numerical forecast
and sensor monitoring platform [J]. Sensors, 2018, 18(9) :
2978.

SUGIMORI Y, KUSUNOKI K, CHO F, e al. Toyota
production system and Kanban system materialization of just-in-
time and respect-for-human system [J]. International Journal of
Production Research, 1977, 15(6): 553.

SUGANUMA T, OGASAWARA T, TAKEUCHI M, ez al.
Overview of the IBM Java just-in-time compiler [J]. IBM
Systems Journal, 2000, 39(1): 175.

ABBASI S, TAGHIZADE K, NOORZAI E. BIM-based
combination of takt time and discrete event simulation for
implementing just in time in construction scheduling under
constraints [J]. Journal of Construction Engineering and
Management, 2020, 146(11): 04020143.

BAMANA F, LEHOUX N, CLOUTIER C. Simulation of a
construction project: assessing impact of just-in-time and lean
[J].
Management, 2019, 145(2): 05019005.

BOSCH-SIJTSEMA P, CLAESON-JONSSON  C,
JOHANSSON M, ez al. The hype factor of digital technologies
in AEC [J]. Construction Innovation, 2021, 21(4): 899.
ALMATARED M, LIU H, TANG S, et al. Digital twin in

the architecture, engineering, and construction industry: a

principles Journal of Construction Engineering and

[31]

[32]

[33]

[34]

[36]

[37]

[38]

[39]

bibliometric review [C]// Construction Research Congress
(CRC) : Project Management and Delivery, Contracts, and
Design and Materials. Arlington:[s.n. ], 2022: 670-678.
GRIEVES M, VICKERS J. Transdisciplinary perspectives on
complex systems [M]. Berlin: Springer, 2017.

LI Xiaojun, TANG Li, LING Jiaxing, et al. Digital-twin-
enabled JIT design of rock tunnel: methodology and application
[J]. Tunnelling and Underground Space Technology, 2023,
140: 105307.

KA, BRE, PRIGAR . JLRlB 2R 55 R 40 (1S3) K I
N [T]. AT, 2018, 51(1): 1.

ZHU Hehua, LI Xiaojun, LIN Xiaodong. Infrastructure
intelligent service system (iS3) and its application [J]. Journal
of Civil Engineering, 2018, 51(1): 1.

ZHANG W, QI J, WAN P, et al. An easy-to-use airborne
LiDAR data filtering method based on cloth simulation [J].
Remote Sensing, 2016, 8(6): 501.

KAI Y K, PARVATHY R. A review on stereo vision
algorithm: challenges and solutions [J]. ECTI Transactions on
Computer and Information Technology, 2019, 13(2):134.
YASUTAKA F, CARLOS H. Multi-view stereo: a tutorial
[J].
Vision, 2015, 9(1/2):1.

TRIGGS B, MCLAUCHLAN P F, HARTLEY R I, et al.
Bundle [C]// Vision
Algorithms, Theory and Practice. Berlin: Springer, 2000:
298-372.

HIRSCHMULLER H. Stereo processing by semiglobal
matching and mutual information [J]. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 2008, 30(2): 328.
ARGYRIOU V, PETROU M. Advances in imaging and
electron physics [M . New York: Elsevier, 2009.

Foundations and Trends in Computer Graphics and

adjustment: a modern synthesis



