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Ship crossing operation methods in restricted inland waters considering
""double peaks'' encounter of passenger and cargo ships
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Abstract: The continuous increase in crisscross navigation between passenger and cargo ships poses a significant threat to
navigation safety in restricted inland waters. Traditional row-by-row crossing operation methods are inadequate for ships
navigating such complex environments, leading to a surge in navigational risks. This study proposes an enhanced row-by-
row following ship crossing operation method, building upon traditional approaches to address the dual peak periods of
passenger ship departures and tidal effects. Based on traffic conflict technology and dynamic ship domain theory, large-
angle and small-angle row-by-row following ship crossing models were developed. The advantages of the proposed methods
are validated using actual Automatic Identification System ( AIS) data collected from the turnaround area of the busy

Huangpu River. Results indicate that both the large-angle and small-angle row-by-row crossing methods effectively mitigate
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the safety limitations of traditional methods. Furthermore, the small-angle row-by-row crossing method improves passenger

ship crossing efficiency by up to 50% compared to the large-angle method. The proposed row-by-row following vessel

crossing operation method demonstrates significant potential for enhancing navigation efficiency and safety in restricted

inland waterways, particularly in congested turnaround areas.
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Fig.4 Schematic diagram of the row-by-row crossing of ships in restricted bi-directional navigable waters
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Fig.5 Passenger ship following ship crossing operation
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1 kn B, R, =1.691, , #RHEC_F IR TLmAT % 4
ERRLE ) SR, e YO MR 53k T B LA )
FAFEALRFFAEL 90° X [|], A B, 1 ¥ B, =90° . UL
Gb, SRR T 3T HA AR B I4R H  J i T B HE
TR R, B B, =90° o i Jy ik I i % 5
SO U A A BN, BUZ S BT 1 i
KT A, BEE a=67.5°,

3.2 fHEIRE

H1F Python 15 & Al & 3t H HA FEEME =
12 , oA B ] AR H]  ARENA  MATLAB 25 %% {4
S e Ak B T L, 589 R R R, Rt
FE, DR, AN SCE A Python i AT HF 6,
BT o B AN YA Ak, i ad 2R M 2
Jradsr 3 HWEER T FiafE,

OBIFFY 3 FhACTE T T R R Ik ) AT ASOR
BB B ATRHE A AT 5. STxF 3 Ry
FOrE D kDR, 455k 1T I A
1) i Ya AT 2 FPAT R/ (36 m Al 55 m, 4543

BT AN 2) RL R 3 S5 A AR A 3 b B (8] B
(D; =3L,,D,=41,,D; =51, , %573 50 1,2,3) i K
IR I 18 FhTr 5. 5 il KB o 3 M
i HA S LS 2 A A A, 56 3 E S 5
155 2 FyUIE AL A S, BAATIE 58 70 mo (i B 54
K1 112 m, BEEW AT A L T H 3 5oK-F
O HERIESS 1 AUEL R T UY 35 m Ab, 3 & L5
PR R k(9 43k XA O 556 m, 550 210 m, B
T 7 YR B o 3K DX TR U s R AR Gy LT
6] 2% 4 200 s, HoHr, /i 600 s fla ko SEAHRARR ,
J53 600 s JEAT 18 A7 & 07 Hillik. MRIEHA
e YAz 5 2 F R I A IR OO, 7S AR Sk g g
SO0 B Foe /N S R R TR 1] B R 300 s, -2 B[R]
[EJf R 450 s, 333 LA 2 Rl st [a] (6] B 4 22 4 s, AR 4l
19 {5 FLBSIE R ARAR 214577 5 T MR nl o4k
BRI 2 52 Sk RO IR R] o
3.3 HRIE

P RO R A IR 45 S L% 30 Bt Sk A8 0 e
MR T ZE7E 3 600 s 147 ELIN R v A 3%
RGBT TE I S8 T Sk RURCR . L, 2 a )k

R3 AAAREMIAIEER

Tab.3 Results of ship crossing experiments

2 IR/ (B b FHE R A/ s SRS/ (K- b FHE R A/ s
i N NN N e e NS
(] [5] B 300 =) (S Ta]ar B 300 s) (FrF [a] 5] % 450 <) (R afTaTf 450 s)
1.1.1 0 / 0 /
[.1.2 8 90.88 5 95.00
1.1.3 11 98.73 8 95.25
[.2.1 0 / 0 /
[.2.2 7 102.43 5 109.80
1.2.3 10 105. 00 7 98.00
M.1.1 6 161.33 5 157.20
I.1.2 12 160. 50 8 166. 50
I.1.3 12 127.92 8 133.75
I.2.1 5 271.00 4 271.00
I.2.2 11 151.18 8 158.75
I.2.3 12 150. 58 8 174.25
In.1.1 12 124.67 8 118.50
IM.1.2 12 112.42 8 112.88
In.1.3 12 101.83 8 106. 13
In.2.1 11 137.73 8 143.25
IM.2.2 12 127.25 8 131.00
In.2.3 12 107.92 8 117.13
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RG2S, RIAT BER %07 28 T A A AR BB A58
FEAHTRIRA T 15T () o A 2 B B i Sk RS A K-
Ayt S TR 5 A9 AR e AR S L 5 AR T
TEFEAR R T, /N2 s B A B ST 4wt Sk AL K-
P Sk AL 00 T R LU ST, i 4 R S S PR 2 B
FAAT o T ASRT N 8] 18] ffd 2 300 s B i B AR FH O
WE L5 5 ATy s 10 e 58 2 4l 2 T
37.93% 49.30% . 4 J M a] [B] g o 450 s B i
SRR A TT I 5750k T % T RGBSR 7351
$2 Tt 43.90% \52. 08% o 5 3 , A 5% K BLIF U s
RHOTIE T AERIAE 3 A% AR B 8] BRI, iR
GZHEBR A8 7 3k n] 7 RAIE 22 22 A AT 4R B B2l
T o

BEXT 2 b AR HE BRSBTS 3, 25 A A T
1R A 300 s I, 9 YE AR 1 77 3 A5 3% 1A A
HSCRAETE 18. 31% o Mt )] oy 450 s 1,
e 8 A R 7 i T 4807 96 I B B Ak R 42 T
14.58% o JUHXHTF R I i VAT AE 3 77 A A0 B )
W, R 7 W T7 35 TR e A 3R 4 T 24
50% o BEAh, BT R B D5 % Tk I BT s 124
f5SK IR SR o 33X AT RESR R /N A L 1 DR A5 1RO A
PRSI /N , A 2 G i B 5K, AT {68 23788 g IR AL
B2 R A P R A T 4 P 1 SR

4 HRE

RRTT BB SUIRAT B PR 32 BR 7K 38 3
ROR 24 AR SCAEAR GE 1) 38 HE 1 S5 14 2 Al
b BRER /N BB 1) 12 HEBR AR B T v, R T B
AR U ) A A 3 AT 2 4 B, AR R 5o o
REBAN A HEBR AT R . RIS
TSk X O 0], o oy e ) 2 3 R AT Dy 1EAT 45
FLIGIE . WFFEa R W] . 72 HE B AR B 7 1k BE A AL
M BT R B A ATAICR /Ny LR 1) B HE R A
BT R AT FE R A JEE 5% 170 12 HEBR AT RO R R RCR
SETHEE g, S PR PR A2 BRI ik T 5 s T RE
AR 02 R 45 Y 2 A OGS LR T T4t R il
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