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Detection and Recognition of Ship Numbers Based on DP-DBNet and MHA-CRNN

DING Dong-Ping, LI Hai-Tao \
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(College of Information Science and Technology, Qingdao University of Science and Technology, Qingdao 266061, China)

Abstract: The detection and recognition of ship numbers are of great significance for the intelligent management of ports
and can solve the time-consuming and labor-intensive problems caused by. the traditional manual supervision of fishing
boats. Since the ship number plates feature non-uniform hanging pqsitions, background colors, and numbers of characters,
this study proposes a two-stage detection and recognition method with two models. First, the study introduces a DP-
DBNet ship number location detection model that combines dual path networks (DPN) with a differentiable binarization
network (DBNet). Secondly, thg study pi’esents an MHA-CRNN ship number recognition model that combines the multi-
head-attention mechanism (MHA) with the improved convolutional recurrent neural network (CRNN). Finally, this study
uses the data from the new modern smart fishing port project in Zhifu District of Yantai and carries out an algorithm
comparison experiment analysis. The experimental results show that the two-stage recognition method with two models
can make the recognition accuracy rate of the ship number reach 76.39%, which fully proves the effectiveness and
application value of the model in marine port management.
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AR AT DA 9 35 s 11 % LK 38 B vy I R0, 1 A4 N TR 1)
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W 5, X DA SN I A A R ) SR T R R R Ak
(I R AR 531 7 V25 e 6 D A S MTLRG AR N R E HE 4T
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H A ARSI 5 1R 1) 32 22K B Faster R-CNN. 45
FARIZE M 4% . EAST Fll CRNN 255432 {5l 11, 5% ] Faster
R-CNN F2 0 MR EAT AL, S8 5 K ResNet X A g
SHEATIR AN B SR Faster R-CNN 5N T X 35 2 1M
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SR B S e, NS FRE B SR SBD ik
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4 4500 A BRI (07 E 4 S AT SDD X
A E TR, SDD AT LLE 2[RI B PR A AL E, I
TEAN[R]ROBE AR AIE B b g A7 000 (ERS I L 1) A HE
RHTE, EAREER AR DA Y, (R XA Rt 2
2520 e A KA IR0 () 2R, JE ik PDnet 945 X i
R B AT 8 LA AR 5 K OA-Classifier 045 22
(T 2ot S R AT 20 28 1R 550, OA-Classifier 5 it
517 AT AN E 31135 R4 (automatic identifi-
cation system, AIS) #& 75 3T FF UL & MR R 03 FE A iR ki 5
JE T 78 55 BT A A A 5 ) 8 @ I EAST S0 il kit it
1T EDLAR G A CRNN S 5 2047 3R 000, J R ey

W GHF RN, DT 2 18 AR AL, EAST 5004 |

HOU e £ Y BLK B AN SO A AT 4 B 2 AN SCAAT I
I, 5 2 56 BV U BT CRNN L T4 ek
FA B 4537 S A M B IR S, WA A1 SR
FA3ET YOLOV3 el b Mtk 7R I 2 J5 s 44 4
BRL S 5 ROR U BEWL  A HE 4T 4R 501, YOLOW3
EECOR LI R B, T SRR SR, (LR A7 AE N AT B A
SRS WPk 22, 74 151 2200 1 i 0. 33 4 B 40 4 PR
JEE (1) 77 2 AR — s FREE LA e T MR 4 TV
F T, L S0l 2 i 44 U ) SR R £ i
RIRTEAE.

9T e b3 16 B, AR SCHR T — b DP-DBNet
SR DI PR BT MHA-CRNN 3 SH R 5 o 2
FIPR I BSR4 %5, £ F] DPN %45 DBNet 2535 7E
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A% %2 . J5i 4G DBNet (147 fiF 52 BB H R F 1) 02
ResNet18. ResNet50 M 4%, 1fii ResNet W45 A % 115 5
KZHOS Z Wk i, ME VRS IUZ 22 53 DBNet &
R RE FRARY). Rk 6T DBNet FHERAE 3 BUR 3H4T 24
HE. AR ] DPN68™ REAE 3R B M 28 1 MR AE SR BUZ,
ZM S BELE A T ResNet AT DL H 5 Al A 4040 REAE (47
HAEE S T DenseNet e85 R HTRHME I AR 5, 2 4t
BRI IR AR VR A 4%, DPN6S 454 T ResNet F1 DenseNet
o £ 1. 5 e 954 20 e e RIS B BE 0 2 0 1
i, ﬂ%b&&“jﬁ%%ﬁéﬁélﬁl%é“%&, [ I A5 52 2% B A
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& DP-DBNet #5 Al it P MER B, BRI
AR SIS, T SRIMALER K, 153 TINS5
2K BRAUE SUN:
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Horb, LONREZR P40 2% R B, Lo o9 —AH 40 2R iR 3
LN BB 45 2K B A, ofl B 43 il B 1A 10.

XoF - Lo F1Ly 457 2K R AR SR F — 50 28 UG ) 7 =k

17, AR
Li=Lp= ) Yilogx+(1-Ylog(1-x)  (2)

Horp, SONIEREAR S GFEA BL 1:3 10 P R A 2
S B B0 S BRI L AR O, A= R

L= ZieRd |y: =% %)
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BTG 2 A8 v oA B AE B bR,

1 7y DP-DBNet 5iE450 K, BRI N Bk
H4 B A7 AR TIAL B0 4% A4 ORF IR 5B B Bl 5 R R
AIE 6 B3k N DPN XU T8 5 AiE 52 B 2 . o o I =
(transition) A T8> block 128 1 AN ERICLE Z 7T, &
A PAZ&#E B> block HIME B, FEAREHE 1 TT R NS5
O AR E G0 R B U AR AE B 2, SRR
BEAT T 49 2 HE % & (probability map) Fl i &
(threshold map), 2 Jiz F Ak 2 [ Al 4 Blod ik vl 1o —
fE1k (DB) 115, 19235l — {8 I (approximate binary
map). fx il A A (box formulation) 53 2 3 A
11 5+HE (destination map).

‘ Transition ‘ ’Bottleneck| :

Bottleneck ReLU
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[ Dual path block4 ]
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Box formulation
Destination map
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oy —HB4r3E N ResNet #4645 53 —5B4313E N\ DenseNet
BAE, AR AR5 R IE R PR IEN R — AN e g5 i
BB REAT A FFHR AR, IX BRI 45 F A R TR0 A 4R B
WIEIEIR, B8 k AN 570 45 6 () R AIE i S HE 50 75 G
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HPE AR . &0 i AR, SLiR L 9535 Tk
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1.8 T3 U, W BOR AR AR L LA 8:1:1 R4,
1 80% 1ENUIIZREE, 10% 1E NIMIR4E, 10% 1E T
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K6 R SR B 451

2.2 TN ERR
ARSI R HHER R (P). HFI% (R). F1 measure
(F) NVEMARUE. PG A0 R
TP

P= 9
TP+FP ©)
TP
R= 1
TP+FN (19)
2% PXR .
F=2X (1) »
P+R

o, TP4ﬁi€E$$$?ﬁiﬂﬂ?\JEE@T%:R‘FPﬁ%&ﬁ$
ﬁiiﬂﬂ?‘ﬂﬁE‘JT%%,\FM%%%‘%*MWM%@%E@T%iﬁi.
2.3 LWEE
SEEGAE Linux #:4F 240 F, 2T GPU. PyTorch
A1 CUDA HEZR5E I, FARSHNZ 1.
#1 ERTESH

B JRA
BIERS Ubuntu 18.04
CPU Inter(R) Xeon(R) Silver 4210R CPU @ 2.40 GHz
GPU NVIDIA GeForce RTX 3080 Ti
Python 3.7.11
PyTorch PyTorch 1.7.14+cul 1
CUDA 11.3
CuDNN 8.2
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%A SGD, SGD ] LU H 75 bk F Ut Sk g e, ik
DTER R . N GAERR . BRI, FEEL
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\ 0.86 |
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0.82
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Epoch
(a) AEH
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N A
prerers e oo
0.86 A\/\}) _‘\;r‘ ‘\)'._.,."'
A ,A/ ..\/. oy
0.84 w ,/’*/ -
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0.86
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0.80 H
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DL H X 48 50 VR 9 ResNet50 [ 28 0 ik Ao B 58 A A
FARGFHIPERE, (5 A B KNSR, #2741 ResNet18
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7E 4033 J5 i MHA-CRNN B 11 21, B4Rk
B 100 %, fZEIR B R 64, WIS I R R E
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K2 AFESCAAL BRI N L

TR it BARLR /N (M)
ResNet18+DBNet 12.3
ResNet50+DBNet 25.4 =

DPN68+DBNet (A32) 13.2

A g .
“ ... Val Toss — Train_loss

Loss

4.0 6‘0 8‘0 1(.)0
Epoch
8 YIZRA RAL b ith 22 &
2.5 HRASELE
N T B UE OEE FE S IR CRNN BRI A 2%
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X 3IHAAFH LR " -
* 3 JHRAkSELE =
e S i
(AR B x| Sl
LN R (%) WERR (%) K/ (M)
VGG_16_bn+BiLSTM+CTC
67.75 65.92 17.9
(CRNN)
ResNet18+BiLSTM+CTC 71.88 70.03 14.4
ResNet34+BiLSTM+CTC 75.79 73.08 24.5
ResNet18+BiLSTM+MHA+
77.52 76.39 15.4
CTC (AX)
A HE S CRNNE A 2 57 +9.95 +10.47 25

(1) BB 2% ResNet18 (5 A0 EL T R 4R
CRNN BERA B FUZ R A VGGL6 1757, THUE
WA 4.11% M3, I BRSO/ MEIED T 3.5 M.
K H ResNet34 B IR H I AERA 2 LL ResNet18 B&4F, {H

B K /N KK, RiE B3 508 . [ 036 U2 ik
ResNet18 RFAIEFEHL M 4%

(2) ASCEL G E BILSTM FHIInANZ kiEm
ML, AE AR (R AL LE B FZ N ResNet34
R ZRIR T 3.31%, RIS/ EL T ResNet18
WHEMT 1 M.
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P R DRI AR 2 B A 1 8OR.
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R 7N 2 AR 500 T B A A
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\‘ (b) 72345 5L 16596 il FI43T34 60106
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3 ditE5RYE
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B 14D A RS AT VR 0 A SR AT 7S SRR, XS AN [
) A L 7 B R AN 8] 15 S5 B [P A R, DP-DBNet
1 MHA-CRNN SEA5 AU 7E M RE AN R0 AE R 2 1 AR
FIH AP, FE IR T AR g N 7 3 A e
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{5 FH MR AR Y, R 008 B b o v AR AT B 4, i 1R R}
RS B IR K B, TERK, ¥4k 2L it 7t L

Software TechniquesAlgorithm #PFH AR F% 215

© ERSEBIK T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

2023 4F #5324 H3 M

Bl 21 g AR AR Y ) 2507 3K, A AR ZRY A 3 4T 8 AR
TR AR REIE B S UF A BOR.

SEHk
| B, KB, . — AT Faster-RCNN [FIARRERI 7
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