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Video Stream Quality Enhancement Method for Maritime Navigation
Mark Monitoring Based on Content Adaptive Fusion

SUN Yu, GAO:Shu, ZHANG Yanxin
(School of Artificial Intelligence,, Wuhan University of Technology, Wuhan 430070, Hubei, China)

[ Abstract] The video stream of maritimemmultifunctional navigation mark monitoring presents the distinctive scene
characteristics of a dominant statiéwsea surface background and sparse dynamic ship targets. Constrained by the
low-bandwidth transmission ofynavigation mark-borne communication networks, compressed video streams
experience severe quality degradation,’ including noise superposition, blocking artifacts, ringing artifacts, frame
blurring, and inter-frame motion estimation bias. Existing general-purpose video quality enhancement methods are
unable to jointly balance single-frame spatial detail recovery and multi-frame temporal information utilization, and
therefore fall short of the requirements of the aforementioned scenario. To address this issue, a Content Adaptive
Fusion-based Video Stream Quality Enhancement of Maritime Multifunctional Navigation Mark Monitoring (CAF-
VSMM) method is proposed, in which a dual-branch fusion enhancement model is constructed. The single-frame
enhancement branch, built on multiscale features and a spatio-temporal network, exploits the latent temporal
information of a single-frame via virtual frames and integrates the pixel shuffle with a residual network to achieve
multiscale spatial feature fusion, effectively suppressing compression artifacts and spatial degradation induced by
the maritime environment. The multi-frame enhancement branch, based on a dynamic shifted window and inter-
frame motion compensation, efficiently models long-range spatio-temporal dependencies and employs hierarchical
offset estimation together with deformable convolution to achieve accurate inter-frame alignment in multiship
scenes, thereby alleviating temporal blurring and motion misalignment. The Dynamic Feature Perception-based
Content-Adaptive Fusion (DFP-CAF) module, based on dynamic feature perception, dynamically adjusts the
feature weights of the two branches according to the video content, realizing an adaptive enhancement strategy that
emphasizes detailed recovery for static backgrounds and temporal consistency for dynamic targets. Experimental

HETHE . BZEESHF AR (2023YFB2603800) ,
TEHEE N NG B B 5 RIS S0 GEAETERD . 202 1k e 8 ARME .,
WS EHEA: 2026-05-06 fEEBHEE: 2026-07-09 E-mail: gshu418@163. com



72 §£52% FE8H1/2026 F£8 A/HENIRE

results show that, on the self-built Port Cluster Waterway Monitoring Video Dataset (PC-WMVD), the Peak
Signal to Noise Ratio (PSNR), Structural Similarity (SSIM), and Video Multimethod Evaluation Fusion (VMAF)
of the proposed method reach 42. 71 dB, 99. 33%, and 77. 14%, outperforming the second-best method by
3.90 dB, 1.19 percentage points, and 6.50 percentage points, respectively; on the public dataset JCT-VC, they
reach 28.66 dB, 88.60%, and 55.40%, exceeding the second-best method by 1.63 dB, 5.42 percentage points,
and 3.19 percentage points, respectively. The model has 37.52 X 10° parameters and 51.74 X 10° Floating-Point
Operations Per Second (FLOPs) and runs at 41.52 frames per second, meeting the real-time requirements of
waterway monitoring. The proposed method is tested in an intelligent monitoring system for the waterways of port
clusters, where it significantly improves the identifiability of key targets, such as ships and navigation marks, and
effectively supports downstream tasks, such as ship tracking, verifying its engineering practicability and application value.
[Key words]) video quality enhancement; multi-functional navigation mark; spatio-temporal network; inter-frame

motion compensation; single-frame and multi-frame fusion; content-adaptive fusion
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Video frame sequence
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1.3.2 NPCN-IMCS
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Fig.4 Marine multi-functional navigation mark work site
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Fig.5 Example diagrams of PC-WMVD under different

time periods and meteorological conditions
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3 ZWEERSH

3.1 ZWIMEMIZE
3011 SLEGIEE
IBATIRE R HE LU RE 4% R GE R S IR 55
6 R BCE R 1R,
®1 ZRRE

Table 1 Experimental environment

SR [[WEREHSY

CPU Intel® Core™ i7-10875H

GPU RTX 4090D
B1E/GB 24
IERS Windows 10
RIS Python 3. 8

TR 2 > HEZR PyTorch 1. 10. 0

3.1.2 SLERiRE

DSBS P 4845 o

R EIE CAF-VSMM (4 %01 . 5% H LLF F5
TEM AT . (1) W {E 15 18 b (PSNIR) , 2 767 5t 0 45 I
S RO Y 22 B A o R T 2 (]
(3577 15 25 (MSED i iz (08 i [|] 25 55, AR/
PRSI 5 2 52 1EAF DG , BRI 5 303 5 %) AT
B2 TR GG AT 5 (2) 25 A4 AR RU 1 (SSIMD , 5E 1 AR
PUSEAEE I 2 UPEA $8 B D55 BE L XT BL B RN 254
3 A B PP LA T P ol [ AH LB 5 (3) A T ik
TEAS Al A (VMAF) , 56 #1827 20 A4 28 5O = S0
BT RN AR b o T i A A 2T AR A HIR 32 0
TN BT 22 5, PR 45 2R 5 NS T v B R LA
S A RVR A T PSNIR il SSIM 75 i 200
W AN . AL IR S R (Params) 1
TF A8 53 4 (FLOPs) 43 il et 155 80 PN A7 9% 15 T 6
FfEFRE B4

DLW BEKE

CAF-VSMM (1 SL 35I| 2 S 800 & 3 2 i
/e Hidr, Batch Size AR EHL R I Zh A B
Period 371 B Il 25 I 4 Epoch 2 7 Il 25 56 44

Optimizer SRR R B Lg%, CAF-VSMM fifi
FH AdamW Ak 25 38 10 B A 30 i 0055
Learning rate f 3 %% 2] W] IR {8, % > TR M
CosineAnnealingRestartLR ¥ & g8 7 8 8 %,
T o JE 0 1 4 5% PRVESCEE I i) 3 A s A A Bk
BEADS S NGRS 240 50 LA AR AL S 808 5/
FEZE 10X 10 7, N4 FH s UR R e e 512
fLRE T) s Weight decay AU WM SH0 H T 2500
PR IE N IE 205 QP Sy i Ab 2450, BUELER = ) 2
0t e i P R i i A SR AIR BRI R 2k
BRECR L1 Loss 5 Perceptual Lossifd il B IR &
B SR, T T 2 SRS 5 5 AT S5 0 2 5 il
] B ARAIE 25 S, o, L1 Loss, TEEH TAFAL R
LR L X2 22 , CRIE S ST flf I A B2 1 — 3k 5
Perceptual Loss Z: Tl 2R VGG19 M 4% $it B s
MEFFIH I3 R A 2555 . 240K 1 5 T 179 a5 2 40 9 R

it

x2 NHESHEE
Table’2 Training parameter setting
ZH# ZHH
Batch Size 4
Period 150 000
Epoch 16
Optimizer AdamW
Learning rate 2.0x10°*
Weight decay L0X107"
QP 27

3.2 XfEEsELE
3.2.1 FUAEHRIFAN 45 H

P AFD-Former™ . GAN-PQ?" . ConvNeXt?! |
UVE-Net""™ 24 oy % e A 8, 76 [ 4 B ds 4 PC-
WMVD FIA T $di4E JCT-VC | i i A Sc CAF-
VSMM 588 DL K ot FUAS AL A 1 AR A3 5 12 186 5 o 285
N 3 FioR , b e gl R LOHLARBR A vk fE 45 5% A
TRILAR, R,

3 HHEEE PC-WMVD 1 JCI-VC F SRR E1ERLE R
Table 3 Video quality enhancement results of each model on PC-WMVD and JCT-VC

PC-WMVD JCT-VC
Model Params/10°  FLOPs/10°
PSNR/dB  SSIM/%  VMAF/%  PSNR/dB  SSIM/%  VMAF/%

AFD-Former 37.92 82. 34 67. 50 25. 83 69. 79 49. 96 16. 56 46. 87
GAN-PQ 38. 57 91. 86 68. 43 26.19 77.90 50. 63 96. 35 81. 43
ConvNeXt 38. 69 97.57 69. 56 26. 27 82.70 51. 49 30. 70 43. 80
UVE-Net 38. 81 98. 14 70. 64 27.03 83.18 52. 21 35.47 46. 56

CAF-VSMM 42.71 99.33 77. 14 28. 66 88. 60 55. 40 37.52 51. 74
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3)ConvNeXt i iz K% 45 B 5 1 38 4 e $2 7 o
MR FE IR B 7 o (H LB 3 5 00 2 4000 o P ) 4
REAE IR, e 22 X it ) B SR 1 A AR, B T3
He J A5 2 S I R — BR) 8, CAF-
VSMM i it Sl A #0377 11 BRI B 5 i 25 A 1 L 405
B AR IR A A 12 Sl A Mz S I R REAIE RS X
FF A BRI T U A B P — bk

4)UVE-Net % F W S 2844 i AE-Net &b
R a] T £ B FEGM 5 FRGM 845 AHAB WK 5
SRR T MIOGT 35 118 53 T A o L (SO 5t [ i 174 [
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BT 2 5 7R T 78 H 842 PC-WMVD Al
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TS LA RS BE 43 A R AR, SCHE VS D REAL I Y
REWE 7 50 T VAN B AR TR0 45 T AT 55 19 BudiE
s KL 7(b) HF AT LA H CAF-VSMM g% 5 3
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ENIEE
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Fig.7 Visual comparison results of CAF-VSMM and UVE-Net suboptimal model on PC-WMVD and JCT-VC

3.3 HmhsRIg
S IE BTG R 43 & MFSN-SEB. 22 i 384 3 45+
32 SWIMCN-MEB P K PN 25 H 3 W fill & 15 e DFP-
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“VUFRoR I HZAE S, AU MESN-SEB ) 51 A
A FESLIGEE R A ) Params Al FLOPs 5% 4351 1%
FT 16. 42X 10° F1 21. 34X 10°, 7 PC-WMVD |-
PSNR, SSIM Al VMAF 4> 5l i5 %) 17 39. 21 dB,
98. 61%F1 70. 82% ,7E JCT-VC I PSNR, SSIM #iI
VMAF 25353 T 27. 02 dB.86. 58 % #1 52. 45% ,
Y UE T BT 5 o3 SCAE A A DR 5 KSR A Sl 4
WO ARCNE . R FEARGs IR T H A AR AY
0, T B AN AR S BT o 34 5 XfE L 70 43 1) A0
ST PAE B X S A AR B A5 0 41 Yk = g ) £7
TE M #i. X ¥ i SWIMCN-MEB [y f& %1 B, 7¢
Params fll FLOPs W& A ¥ i g 1% W F . £ PC-
WMVD | PSNR,SSIM F1 VMAF A8 A 43 51)
FTFT 0,64 dB.0. 42 i 1. 45 F 43 A&, 78 JCT-VC
|- PSNR, SSIM il VMAF %5580 A 43 B F+ T
0.09 dB.0. 81 I 1. 53 F 43 4., 3 B 2 Wit 58 43 57
3 3 A M ] s S OC 2R 5 R A A 80 AR 18 ot
P EAME B ST R ARALA T B A st i S s M fE
B C R H B 5 PF 45 J7 U Rl & MESN-SEB #I
SWIMCN-MEB [ ##1iF iy th . AHE AR A 5 B,
£ PC-WMVD |- PSNR,SSIM Fl VMAF 43 51|45 F

T 1.05 dB.0. 46 F1 1. 95 [ 43455 0. 41 dB.0. 04
M1 0. 50 A 4y A&, 78 JCT-VC I PSNR, SSIM il
VMAF 235327+ T 0. 90 dB.0. 90 Fl 1. 60 T 43 4
550. 81 dB.0. 09 F1 0. 07 1 43 &5, B iE 7 W43 32 3F:
AT HE TR AR AE A0 0T 3 5 AT 55 P i PR RD 3 2% 5 SR
T A AR YR AAT PN 25 3l 25 0 2 il A A, S 8O g
ST A R B A A B B 43 SO A BT Eg n
Params I FLOPs 43 Jjl| ik 2] T 34. 78 X 10° Al
46. 81X10° , it B 3 187 B Pk 07 Xk LA 78 00 &
FEMIZSIGOR 70 S B AME 3, ZERLRY C LAt I
VS DFP-CAF (%1 D, 7f PC-WMVD |- PSNR,
SSIM 1 VMAF #45#1 C 495 #2897 2. 45 dB.
0.26 f1 4. 37 H 4 1., 76 JCTVO,I- PSNR, SSIM
1 VMAF ##58 C 43 & FF 7 0. 74 dB. 1. 12 FiI
1. 35 B4 5,1 Params FITFLOPs (WA /b= 310,
FEPERE S RCRZ [ S BL T K AT 0 F-Af 7840 B0 0E T
DFP-CAFREHSHR A T W5 45 LT U 1) 37 s e P 3
A VR 2 5 I RRAE (9 il G AR, ZERR AR T X
S AR AT P 5, AE Sl A H bR X35 1k 22 i i
FiAE BRI AR D T R e Rl G 7 O AR 37 5l
B P A A ), S P T PERE Y W AR T

&4 7£PC-WMVD # JCT-VC . HY il RASE IR 45 B2
Table 4 Ablation experiment results on PC-WMVD and JCT-VC

—_ MFSN- SWIMCN-  DFP- PC-WMVD JeT-ve Para@s/ FLOPs/
SEB MEB CAF  PSNR/dB SSIM/% VMAF/% PSNR/dB SSIM/% VMAF/% 10° 107
A J 39. 21 98.61 70. 82 27.02 86. 58 52.45 16. 42 21.34
B J 39,85 99. 03 72.27 27.11 87. 39 53.98 19. 36 27. 45
C J N 40,26 99. 07 72.77 27. 92 87.48 54,05 34.78 46. 81
D J J J 2.71 99.33 77. 14 28. 66 88. 60 55. 40 37.52 51. 74
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Fig.8 Example diagrams of video frame processing speed
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Fig.9 Comparison results of surveillance video stream

quality before and after enhancement

o404 IR B ARG AT A R

R EIE CAF-VSMM Ji it 38 5 SR X T AT 55
FELE B 52 ma, LA A0 B A R0 S B R
YOLOvS Xif Jit 2 344 i 7 J 114) W 45 OA00 0 54 7 A0
H iR U0 8 A5 B B S 2500, & 10 4
BIEIR T T CAF-VSMM ¥4 38 7 J5 (9 B AR IR 51
i,

B 10 Ca) H ] LU Y 32 s 4 K 1 2R L%
M) o A3 2 ) A 750 A0 i T 3 1 A R
83%0; NEI 10(h) Himl DL H , Wa 4 A I 28 CAF-
VSMM $45i f5 o 22 M R A AR 0 F0 B A5 B s T
2 F 3 a5 iR F 85 %6, [F) S A M2 Ak 1) /N TR O e
BT U EAE B R 2620, Al UL, CAF-
VSMM Jiit i 345 AR X AR B AR R0 45 R iR 55
A B R,

(a)Hd 3T

10 S8R R R /e By
AR EARIRBI TR LB A R

Fig.10 Visual comparison results of ship target

() HIE

identification before and after enhancing

the quality of surveillance video streams
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Fig.11 A failure case
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