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Intelligent Ship Integrated Energy System and Its Distributed Optimal Scheduling Algorithm

TENG Fei' SHAN Qi-He* LI Tie-Shan*?

Abstract Shipping pollution seriously hinders the development of marine economy and becomes a key bottleneck
in the construction of a powerful marine country. The emergence of intelligent ship provides an important means for
the green maritime transportation and sustainable development of shipping industry. In order to further develop
new energy on board, improve the comprehensive energy efficiency and reduce the emission of shipping pollution,
this paper takes the energy conversion center as the hub and constructs the model of intelligent ship integrated en-
ergy system cored with the energy optimal scheduling system. Simultaneously, the objective function and relevant
constraints of energy optimal scheduling, of the intelligent ship integrated energy system are established in the con-
ditions of the special dynamical system's load demand, low pollution emission standard of navigation and the elec-
trothermal coupling supply characteristics. On the other hand, combined with broad learning and multi-agent dis-
tributed optimization theory with generalized noise, a distributed optimal scheduling method is proposed. This
method can not only predict the load demand of all periods of the whole voyage quickly and accurately, but also ac-
commodate complex noises, which can realize the efficient energy optimal scheduling of the intelligent ship integ-
rated energy system and ensure the economic, reliable and stable navigation of the intelligent ship. Finally, the sim-
ulation results show the effectiveness of the proposed distributed optimal scheduling method.

Key words Intelligent Ship, integrated energy system, distributed optimal scheduling, broad learning system, gen-
eral noise

Citation Teng Fei, Shan Qi-He, Li Tie-Shan. Intelligent ship integrated energy system and its distributed optimal
scheduling algorithm. Acta Automatica Sinica, 2020, 46(9): 1809-1817

W NSAG LA 5 AT R 8 e (1) A ) i

Wk F 31 2020-03-31 A F 41 2020-06-28

Manuscript received March 31, 2020; accepted June 28, 2020

B X B AR 34 (61803064), e S AR L 55 3% L 5%
4 (3132020103, 3132020125) ¥

Supported by National Natural Science Foundation of China
(61803064), the Fundamental Research Funds for the Central
Universities (3132020103, 3132020125)

AT ZE IVKET

Recommended by Associate Editor SUN Qiu-Ye

1RGSR A M B TR KOE 116026 2. KERH
REFUFERE KOE 116026 3. BT RHERZE HAML TAEZBE 1k
## 611731

1. Marine Electrical Engineering College, Dalian Maritime Uni-
versity, Dalian 116026 2. Navigation College, Dalian Maritime
University, Dalian 116026 3. College of Automation Engineer-
ing, University of Electronic Science and Technology of China,
Chengdu 611731

Bt 56 B9t RS LR R R H R i
TEATE, VR R E ) [ 55 B R R )
& 2025) BRI v TR A M mE AR 51
AR AU e — P SR, BEAE WA BT I AN
K, MRz 5 e Biia By — A FE Rl L E bR
HHH2 (International Maritime Organization,
IMO) 7£ 2007 SEFH SR E Hh it 4 BRATAARR HE
B H N 3.3%, & AR LR, Bt
2050 FJE 5 HORE I 2 18%. Rk, IR 2410
FERRAIZ &5 B R SR O R RS, DA se il



1810 H 3

S 46 1

RH B FL e B0 TR B 0] R, I R L R TR, 2T
REVR 255 I RCR 3B AE LT

SAEGRIAANE, B e MR AE 45 0 m] 58 H 27
P R AR Rl b, Rl ad i e ik i A RS L (S B d
T P g B SRR, R R B Re VR S HLH
HERETE 20, SEIZ RS B FRUATEL B0 Be A0 e
V5 RS Re O B n) @, 25 8 R G b RN
ZIFREIIE X, MRS L R rE CE IS | —
BERIE ST . SCHR (6] B2t — Fh G By FALI
F AR ) R gt LR LA R FE T R AT iE T
AR AR A Bty K LB 2R G PR B, DLORIE AR R
Az 1T e 2L (Energ efficiency operation index,
EEOI) & hrik, HFERICAANTAT IZ 1T A, 3T
BR (7] $Eth T AR TORAR A BE R G NEAA L
RGN R A Al 73, NGB A RS i
JHER R R . SCER [8) Wikt — R R T iE
F i 70 A 2T e IR R B AA ) SR 4t H T N I AR
T AR AR 2, JERABENL 2 B An A Bk
4 S8, BRI AR AR &, SEBlfiig
W ER R &, AR, & REMT AR AR R & h AT
BNWRER. LG A e IRE 2 MR, B8
7 R PP RE AT A A 2 A R BE M RA A AT
oKk (WfE BT ANURE & To AN 554
AE 78 HL T a% DA S R BE B et B4 55, ARt B
M2 e G . 27 RESSEE REIR R G HRHEY,
PR 9 i — B4R THREVR I 255 U 2803 PR AR LB
e, R IR AT L IR TS Gy ) @, 75 2
BRI ZE G REIR R 4, HIR A AL REE AL
VA 1R .

ZREREVE R G e B AL U BE 1) AR A R —Fh
A LI AR FR G R e R H R S R R
TZREEERMNEZEERIERRZ RN E. 2T
JROBERFAEN, THT [/ 22 A7 £ 75 SR e 22, DL BT RS
HERE B MR1ER I A PSR, DL /IME R Suie 1T
A e KA RGIEAT M i N B b, 6 RGW
PR, FIRRAITIE, §lE RN RIEtT 77
Fvl e R A BRI R G N K FHT Bk BT 7=
AR AT 2R AR ARG SR R T 2
ANFEIE T O RE A A R FE ), T2 R R
& Z g () oA A TR BE DT Sl 1 1R N A
F 2 RN SCHR [19] HRERE — AR £
Btk —s Rk, Lo m Aot g &
Gror o ia) . 25 & A B BN AE IR REVR R 4,
SCHR [20] TR B BE R 7 AR th— Fh oA XA Ak
W BEJTV2. SCHR [21] BF 055 43 TE ol @ A7 A e i
FERFE T 7L, STk [22] FNSCHk [23] 23 42
7 AT AT BRI 8] S5 A R 1R 20 AT AR AL T

Jiik. BRREGRIRA G L B G IX Rk, 3C
Wk [24] 222 5 1) 3fe 19k 4R HY — R OB 1 & A
A LT3 3%, AR, AN AT 3R 4R A R
Aafe MR M, B REM NS SRR RS
7 R 7 P8 B AR IR B B ) RSB RE T R IR
W AR G HE TR AR v S0 RE B DA TR EE PR S .

LR ERTIR, ASCU A ) R G 1 R 4 B)
NI RGN SRR B REAR AN SR & REIR R 48, A
FUB RIS 5 1% oAb A REUR A 2 M eI Uk RE, 5
JEHW B o I 1 A r I, 2 T RE A AN
RE B DE AL U 5 28 Gt S B v 20 FL— A 28 BE UL 20 AT 2K
AT RE, PRUESE PRifg 00 B RERT AR 2 5 W 58 A2
58 58 BRATAT AR 55 A SCRI BT R T

1) 456 H T BERTAA 0. SO REIR R ST
AR IR BRRRE A, R DLRE B AR AL T R G
O BLREEHF # rhC 9 AX AL FC T L B RERAA 25 & RE
IR ARS8, DLSCHL A -2 REI A0 & B 20 S K v AR
I, 8 B2 I PR PR BN T 7 45 AT AT 55 O g
FEAASE 7 2 48 e R B RE RIS ReHF U S 7R K.

2) DL REMEAAATAT B A MR AR RE 22 UF 10 H
bR, 25 R REMT NS & REVR R G4 A I3 1 R Gt 6
A7 it SRR B RE T AR AT AR T5 Bl BCR AR HE
— IRV & BLRESE TR MRS L, BOLE M T
REMTAHZE & REVE R G B UL AL R B2 b R B AR R
LIHKAT.

3) ST LIZ NN ARATAT BEFE RS, A 8
SN RS, DL H 4 ATRE & I BUE REMHH
L BT 75 oK. 5 A AU A0 R B R b A7 A
ISR S T, ST 6 R AL
Z BN R RS R E ME T BB AHE 2R, SR R
5 AR 9N R IR P T IR R REME AN ZR & REVR R S8 A
AP .

1 EEEMRAALR SRR R R ERESR

B REITANSE & BEUR R G T w9 LARE AL AL
P RGO DLRETR B b 0 AR AL, R 2
B Re R A AL 98B 2 2N TR RE SR S it
Hig, REai e aming 1 248 "R 5. 517)
RYGERG, 780 M RTHREIR, R 2 & REMTAnZ:
T AT EE R € AT 1 RE 2 B G 5 SR AR — Mo
RRGAAREIR R e, HLALAHES A 1 P,

MIE T FRTBLUE B REAE AR SR A R AR 48 DA
RE R B R G A% L, W2 T AR 30 A S REVE
B 8] (5 B A T SEBUR RE M ) e o A UL A R
JZ; DAREIRFE 4 v o 22 o RE IR ) A L4 I 2
AR P 2% b e A 40 3 L 56 A — I 2 RE TR AR AR
Bk, 2% R e R UG T L 2R Gt I W LK



9 It

1811

REELAL
TE RS

( e K
ANL#RE !

=

A i SR B !

7

TN

K1 ®eemmnsEahe

Fig.1  The typical architecture of intelligent ship integrated energy system
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The simulation model of intelligent ship integrated energy system
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Table 1  The forecast results of electric and thermal load of intelligent ship in different periods of the whole voyage
IR 2 N NV N %4 Y 74 N A 6 4 A A 4\ AT 4 M R Y D (024 5 R O AN N P2 N
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B T & (MW) 138 148 158 16708
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Bt TN & (MW) 13/NEF TR 15/ 16/

17/t
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BIRANY5  72 N5 S 74N 1 A VAN (3 I AN
29.3600 55.3255 61.6100 62.4300 60.8300
17/
65.1800 55.4800 35.2500 26.6000 32.7000

I8N 19N 20/ 218 22/hF 23/ 24/
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6N TN 8N 9N 10NN 11N 12/
48.8500 33.7300 25.2500 32.1600 57.3885 61.0800 59.7900
18RI 19N 20/NF 21/NES 22/8EF 23/8HF 24/
54.3629 54.5900 64.2400 56.6100 54.9300 32.9039 28.2700
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Fig.3 The general noise considered in the distributed
optimal scheduling during the whole voyage of intelligent
ship integrated energy system
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Heat output of each energy supply equipment during 6 ~ 10 hours sailing
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