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Abstract: Existing studies indicate that the longer the queue length of vessels, the greater the channel saturation. To
predict channel congestion, this study proposes a congestion prediction method that considers the maximum queue length
based on the fundamental principles of traffic wave theory. The model utilizes Automatic Identification System ( AIS) data
to extract traffic flow characteristic parameters and, considering the differences in navigation behavior among ships in
different waters, proposes a method for dividing the channel into characteristic areas. The queue length in traffic wave
theory is selected as the evaluation index for congestion, and a method for predicting the maximum queue length based on
Gaussian process regression is proposed to achieve the prediction of waterway congestion levels. A case study is conducted
in the Yuxi River section of the Yangtze River Basin. The results show that the theoretical value of the maximum queue
length in this section in July 2020 is 0. 98 km, and the Adjusted R* index of the established regression model is 0. 88,
predicting a maximum queue length of 1.34 km with an error of 0.37 km compared to the theoretical value. The research

results demonstrate that the proposed model has a high degree of interpretability and can effectively predict the maximum
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queue length, thereby enabling the prediction of channel congestion. This study provides a theoretical basis for improving

the level of maritime supervision services.

Key words: DBSCAN clustering; traffic wave theory; maximum queue length; Gaussian process regression; traffic

flow saturation
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x2 BEGTHIER

Tab.2 Model evaluation metrics

Bzt EY¢EN
MSE 0.000 8
RMSE 0.027 8
MAE 0.129 3
R 0.987 7

Adjusted R? 0.877 7

2 . MSE, RMSE fil MAE (¥ {5 43 %1 N
0.000 8.0.027 8 F1 0. 129 3, 15 HF 12455 760 {14 v ff
Bt s Adjusted R® 24 0.877 7, HAB 3T 1, TN %
BLHY ] fif B o

Shy S UE RO 235 SR PR P , AR S IR ] ]«
2020 4F 1 1 H O B0 4y 0 #+—2020 41 F 10 H
23 [ 59 43 59 Fb, %b AIS Bl He /N AT R A, A5
2| 240 B B, Hl S 1A 2B B N SR HE
BA B 1) FL A

e A HE BA A B S B (L5 90000 {1 45 2 O 1) 12
P P 12 ] 600 2 B SR 43 st B 118 S PR 15 A E
WPV (HAE SR BT A — o 25 57

5rF
~ LFrHERACBE
L TRIHEBA B

o

HEBACBE /km

12 S R HREBA R BE AN S P fi 5 Bl (2%
Fig. 12 The true value and the predicted value of the

maximum queue length result

WRAE 522, 2l 2 |, WL 13,
P13l gk 22 S B — e I BBk, £ Py AT AE

(=1,1) km BFEEIN o FEFR I BN, #HE T N TG
AR, BEI e R HEBAA BE D 0 km, {H gy 500
PR TR PR g Sl AR s X3 PAY 149 S 9 2 M A7 11, 3
P BUR A SR B SEAE D O km, M HTM{E A
0 km YFEOL, FHEER Y RIS ZERIR

4

S}

0 MW AW‘ f\/\,ﬂ‘wvﬁ“‘ﬂlr \'W /)1/ WA‘V ‘\;‘W«VMMMH‘LM” WW( W ﬂ(vN

HEBAAK BEFR 2 /km

_4® I O F P F e S >
SRR N N N R AN
NSNS NEEEN NN NSNS NN
S
Vv v Vv v Vv v vV Vv v v

B3
Bl 13 BRI HTEs R

Fig. 13  Residual analysis results

X 45 i) B R % 22 B4 X HE IS L 26 SR T ik 22
T 14, dE 14 578,10 H R Btk 2 47
145 km , BI/NFSE34 5 B3 1825 8 0. 60 km,

140
120
100 |
80
60

HEBAKE BRI ZE /km

K14 Ritgkzess
Fig. 14  Cumulative residual results
P20 AR 0 P21 A6 6 25 SR A 5 BRI, 45 2R T
K15, &1 15l 1. RES 31 0 1 T {E 5 52
EIIOLT 25 7Pk S 75 SR, LA S R e A
KGR

AP BRHE A BE
3.0 o P I5 T HEBA K B
T T
2.5¢
g 2.0}
= 4
$ 15 .
=
I 1.0F
0.5} R
T
0 1 1 1
1 2 3 4 5 6
At

K15 AETYETR B4
Fig. 15 Box diagram test results
2.4 xHHEiERIAALE AR AR S A HERMK BRI TG
AP b 3 g B A AR R X R T A 7 A



58 B M R

55 48 55 1 1)

IRRHEBN FEREAT H0 o AEEAT SO AT, X5 7 A s
A ALS Bdla R AR 2. 1. 1 AR A AT AL B2,
MPE (LD ~ N (19) WSROI, 13 23R 23
ARRIE I 3,

®3 7T RABSSHEBERR

Tab.3 The value of each parameter in July

75 HifH
v!/kn 9.25
Vi k0 8.90
Uy k0 14. 40
w,,/ (km/h) 1.05
ws,/ (km/h) -5.40
wy,/ (km/h) 2.12

ArzR(19) Al AT TR 7 A MR HEBAR EE Y
B (E N 0.98 km, [ SR RIFTN 7 A i K HEBA S
FE 1,34 km, H5BOEERIRZEN 0.37 km,

3 H#RE

ASBIFSE LT A T8 PRI A fe ICHR A 2
A1 534 , 2R FH e S0 R [l U1 4 5 32 A sl A A e o
A [ DR TR S BRI Y38 ol A Y T B i 47
ke ARSCEZBIEEIRMT

1) AT P LAk 0 F BE , PRAR B i BB A 74K
A AR B I AR AR B, I 25 H A HE ARG
E 3L o

2) R P e 0T A R U A A e K HE
BAKCBE B J7 1%, He Adjusted R 2y 0. 88, AT 44
AT , AT S BAE N AS T 4 FE ST
X A e R A JBE ) o i T o

3) RAECAIIE, HEA K E SAtEE L fE S 2
[IFFAEARSCOG AR , BIHEBA A BB, i 3 i R
BTN, LT R 5 AT 122 o AR S TAE fe K
HEBAA JEE 14 FUI0 AT 5 By AR S0 1 S 4y e A 7 A
JE AR, B AE IR 55 7K, AR R AT 4 4

AT IRAMFTEHE A 5 a7
TR G5 K Z 81 56 2, Oy it 2 S 4 P AL ) o
A B R AR o

2 % X W

(1] SBEEZ, ok, 58 LARFRIE K Bz i i 7 R A2
FEEFLNT. AP E AR ,2023-03-24 (008 ) .
GUO J T, WANG L, LI Q. Last year, China’s waterway

o OF

transportation market overall stabilized and improved

[2]

[5]

[N]. China Ship News, 2023-03-24 (008 ). (in
Chinese )

ERT, W LH. ST RSB 1] i 58 58 I
HE-HER ARSI ] AR, 2021, 37
(5):90-95.

GUAN X Y, PAN Y Y. Research on traffic flow speed-
density model based on random parameter linear
regression[ J ]. Forest Engineering, 2021, 37 (5) :90-
95. (iin Chinese)

LhIRAE, A6, WREEL, S PIBRERIE IR G 20d
TSI ALMLIRBE R ()], Sliskm R g TR
H{58, 2022, 22(5) : 97-106.

MA Q L, NIU S P, ZENG H W, et al. Mechanism of
non-recurring congestion evolution under mixed traffic
flow with connected and autonomous vehicles [ J ].
Journal of Transportation Systems Engineering and
Information Technology, 2022, 22 (5): 97-106. (in
Chinese )

KRB, AT B, AR, 45 BT AR IR ATS 54l i i i
TR AN A8 P R FE [ 1], DU TR 22 4
(3ZiEBLF 5 TRR) ,2023,47(3) :391-395.

ZHENG F F, JIANG Z L, YU Z, et al. Research on the
ship traffic wave model for meandering rivers based on
AIS data [ J].
Technology ( Transportation Science & Engineering ) ,
2023,47(3) :391-395. (in Chinese)

WA R T A e P Y SR I 1 R DX A Ak
L] 55 Bt v A 5O A BE o i, 2019, 40
(2) .:49-53.

ZENG S Y. Analysis of transport efficiency in wusong

Journal of Wuhan University of

warning zone based on traffic wave theory[ J]. Journal
of Qingdao Ocean Shipping Mariners College,2019, 40
(2):49-53. (in Chinese)

CETIN M, COMERT G.

prediction  with

Short-term  traffic  flow
switching models [ J ].
1965 (1):

regime
Transportation Research Record, 2006,
23-31.

M5, £ Tk RBE 2% U H A0 A2 58 i
W] hETE, 2014(2) : 81-84.

HAO Y, WANG Y. Ship traffic volume forecast in port
based on optimized RBF neural networks [ J ].
Navigation of China, 2014(2) ; 81-84. (in Chinese)
TR 4, B, DRSO T — e R M
PR AR BTN [ )] YOIRAH B K22k 4R (AR
Bl0R) , 2017, 31(4) :531-536.

ZHANG S K, XTAO Y J, SU W M. Ship flow prediction
based on an improved linear growth model[ J]. Journal
of Jiangsu University of Science and Technology

(Natural Science Edition), 2017, 31 (4):531-536.



& ORVEFETRE

LS ) T E

[ERTIE'S

ST 5 LA 58 59

[10]

[11]

[12]

[13]

[14]

(in Chinese)

G, 2K, EARF. 5T DBSCAN Y82
BERIF LT R
599-605.

ZHANG P, LI X L, WANG L Y. Dynamic neighborhood
density clustering algorithm based on DBSCAN [ J ].
Computer Science, 2023, 50( Suppl. 1) : 599-605. (in
Chinese)

RUE, XM, &%, 5 LTSSl m A

%]
, 2023, 50 (M4 1)

B S E A A (D] AT A LR K22
12, 2012, 38(10) ; 1420-1424.

YUG Z, LIUY M, JIN M J,

analysis of highway accident based on the shockwave

et al. Traffic impact
theory[ J]. Journal of Beijing University of Aeronautics
and Astronautics, 2012, 38 (10). 1420-1424. (in
Chinese )

S Sl P A Sl e A [T ]
B, 2011(20) : 98-100.

MA ] P. Theoretical analysis of traffic waves in traffic
accidents[ J]. Traffic Safety, 2011(20) : 98-100. (in
Chinese)

LHF, RERR. AR i”ﬁ&,\ﬁ/ il (] 3R BF 5% 25 3R
(I 5 B i s bR 2 B 24 4z, 2019, 40(2) .
32-38.

MA Y, ZHU J L. Review of research on ship domain

and its influencing factors [ J].

pdiifiin

Journal of Qingdao
Ocean Shipping Mariners College, 2019,40(2) .32-38.
(in Chinese)

MR, HIEA, AR, & TSl e p L
/r‘E‘ZfT%7J<ﬁJLLLﬁ;L’xﬁ$[J]. A, 2014(1)
61-65.

BAI X E, XIAO Y J, SUNY P, et al. Traffic efficiency
of north deep-water channel based on traffic wave theory
[J]. Navigation of China, 2014 (1) 61-65. (in
Chinese)

e, WP, MR, 4. W BRSO E
AR HT L] TR (ARPRARD

[15]

[16]

[17]

[18]

[19]

2018, 23(2) . 119-122.
MA F, HU Z H, PAN J C, et al. Analysis of navigation
efficiency under maritime emergencies [ J]. Journal of
Jimei University ( Natural Science Edition), 2018, 23
(2) . 119-122. (in Chinese)

B, 454 IX I Spearman Bk 2 5% 3L i
[J]. EIRTR R 24l ( A ARBEE ) , 2020, 37
(6): 71-75.

LIAN Q. The synthetic

coefficient of interval numbers and its application[ J ].

spearman rank correlation

Journal of Chongqing Technology and Business
University ( Natural Science Edition), 2020, 37 (6):
71-75. (in Chinese)

WitErT, R, WIS, . FET RN 2R

MANERZEREH )], mERl 24k,
2021, 36(3) : 369-378.
YANG F Q, LI T C, FENG H K, et al. UAV digital

image-assisted monitoring on nitrogen nutrition of winter
wheat in the field[]J].
Sciences, 2021, 36(3) : 369-378. (in Chinese)

WK, ok, AEHE. T i 2 [ B sl g 2
BERUHERLT ], ATRRAEOAR , 2022, 44(19) :1-5.
CHEN G, WANG W, HUO C.

Fujian Journal of Agricultural

Identification of ship
dynamics model based on Gaussian process regression
[J]. Ship Science and Technology, 2022, 44(19): 1-
5. (in Chinese)

WA 3. MR S 2 ) A T 1) 1) 2
[J]. VLUK FIRHE, 2010(4) : 12-13.
CHEN R L. Working voltage style chooses and design for

EESRIT

the yuxihe double-line ship gate[ J]. Jianghuai Water
Resources Science and Technology, 2010 (4) . 12-13.
(in Chinese)

ZHOU H B, GUO G P, WU B. Nanjing Yangtze River
bridge transit capacity based on queuing theory [ J].
2013, 96:

Procedia-Social and Behavioral Sciences,

2546-2552.



