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ABSTRACT :

As the frequency of extreme weather events continues to increase and vessel activities in port areas and navigation channels
become increasingly complex, harbor navigation safety management is facing greater demands for real-time monitoring and risk
awareness. To enhance port vessel monitoring capabilities and address the limitations of existing surveillance systems, our
institute has deployed an ocean array high-frequency (HF) radar system at Taichung Port since 2018, and has continuously
developed application technologies for ocean current, wave, and vessel observations. This year marks the final phase of the
Taichung Port Ocean Array Radar Signal Application Analysis project series, with the primary focus on the establishment and

verification of vessel detection and trajectory analysis methods.

This project starts from the processing of raw radar received signals. Through sampling, filtering, and clutter suppression
techniques, the interference caused by first-order Bragg scattering from sea clutter is reduced. In combination with beamforming
techniques, two-dimensional spatial domain maps of range and azimuth are reconstructed to enhance the visualization of vessel
echoes in the spatial domain. Furthermore, vessel positions and trajectory variations are estimated through contour extraction,
echo center localization, and sequential spatial map analysis methods, thereby establishing an analytical workflow from radar
signal processing to vessel echo identification and trajectory interpretation. In addition, to verify the reliability of the analysis
results, radar-based vessel detection outcomes were compared with Automatic Identification System (AIS) trajectory data. The
results indicate that the radar-estimated vessel positions and trajectory directions are in good agreement with the corresponding
AIS information, demonstrating that the vessel detection and trajectory analysis methods developed in this project are feasible
and stable for port vessel monitoring applications. Moreover, this project also preliminarily introduces the YOLOv4 deep
learning framework within the MATLAB environment to conduct vessel recognition tests based on radar spatial intensity maps
of range and azimuth. The results show that the machine learning approach has preliminary feasibility for identifying vessel

targets and can serve as a foundation for future intelligent applications.

The research outcomes demonstrate that ocean array HF radar can serve as a supplementary observation tool for port vessel
monitoring. In the future, continued integration of radar, AIS, and machine learning technologies can support the development of
intelligent harbor vessel monitoring and navigation safety management applications, strengthen the operational safety of

commercial ports in Taiwan, and support broader maritime governance and port digital transformation policy initiatives.
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density estimation of the first batch of radar point data

Glatitude (km)

latitude (km)

RFEBARTNE - BRI IR E T
RpA R ERER AL BF CEHETERR R 2
?iﬁﬁﬁ’%kﬁﬁiAB&ii%i@%&?’:\$ﬁ#
o {5 0 F
R ¢ % TAp 4R
2%%?@?&%—

o

=

’71

%ﬂ

i

beic

é?@\:
T

\

fa

o

&

fas)

o

¥

N
W’ﬁ4w

AL R A s B Al Fadekd il L
F2 ot B A% B S i
G R A= % e NN
2 - R ) had
(Threshold) » & £ & %73 P& ¥ Ky J
i%%#%ﬁ’ﬁivgé“&%@%ﬂmi?
AR RFETYL gERE7 T o :
e T RAEA T o BP T CEHLIRIRIREY FEE
A TR Tuiﬂﬁ%ﬂwﬁ;>éﬁABﬁﬁwi@1
RdE Y SEERET Y N ERITHAE > R4 282 %
%%@@Eﬁ%%@iéé%%ﬁw’%ﬁﬁéfﬁﬁ’%$§
I S 3 P AR o

NEEIFLINY 3% °

:; » 6 4

3 » * g & _,

¥ FX E £

2 })?f b E 0
32 2 ip Sl o KT 4 %' 5
1 i)giiixa B B2 .:}’..s“{‘;‘} pE "'-'-.
% " 0 i ;s,‘;i;; ‘-.g:.n*s‘ "0t
0% X o . '.-\ ‘5'%‘«-.. -, o
4 f*a*q)w).(& . o 3 il
o 1 2 3 5 6 2 0 4 6 8 -100 75 50 -25 00 25 50 75

longitude (km) Iongitude (km) Slongitude (km)

=5

Clustering Result Algorithm Results Display
—— radar_line
30 — AIS
—— algorithm result

25
20

1
. i.s

5
10
00

°
W
v}

o

&
o
N
S

°

N

&
°
i}

°
N
S

latitude’ (°)
5

6 latitude (°)

°
o}

°
°
&

°
5

—=> 0.00

srm 0 -025 -020 =015 -0.10 =-0.05 000 005 -0.10 -0.08 -0.06 -0.04 -0.02 000 0.02 004

5|engnude (km) & longitude (°) longitude' (°)

W 2.15 B AIS &2 ok M- FL R

2-19



G REESREAL 2 EERTERE TR RO
FREFTENVFAT 5O BTIFAT 2 T BN FHT Base
WS 2 B R SRR HF L AT AIS 2T ER R
FHTEELETE > &g A1 28y o

) Huang, D., Zhou, H., Tian, Y., Yang, Z., & Huang, W. (2024). A Deep-
Learning-Based Time-Frequency Scheme for Ship Detection Using
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BLBIF AL 7 & > Bl % % 7 ;’E %EL?, + %(Radlo Frequency
Interference, F7f RFI)/7 4 7L = H%H'Wf CFERIS AT TR
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SPPF CBL Bottleneck2
Backbone 16 % 16 % 1024 Neck Head

W 2.18 DS-YOLOVS5s 2] 3] & fl e 2 2
a.3¥ Hx % P~(Backbone)

G PR L S A e

B RAREY A3
Jﬂﬁs?]% et 5 256 <256 x3 BREBEI  Hhoe 3 pEER R F
SRR LS E N R S LR
K CBL(Convolutlon + Batch Norm-alization + SiLU)#? Bottleneck
H iR R TR B 0 ©51 ~ CSP(Cross Stage Partial, i i
CSP) C3 4" M3 B & ~ A FATR T A AFFR T Y
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(=) Yang, Z., Zhou, H., Tian, Y., Liu, G., Zhang, B., Qin, Y., L1, P., &
Huang, W. (2025). Cascaded Detection Method for Ship Targets Using
High-Frequency Surface Wave Radar in the Time—Frequency Domain.
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eiv B FATAST A 4 fv?mg B XORHEATA e T g PR 5
B 4e(2.16)5 Hon

SST(t,n) = [ STFT(t,w)8(n — w,(t, ®))dw (2.16)
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Bl S PR A R T 0
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Brightness distribution (2019-8-31 20:18:1.6 UT)
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0 =tan"'(d,/ dy) (3.2)

Brightness distribution (2019-8-31 20:13:52 UT)
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BRE >~ WR > ¥ 2 ESOG) ~ = fuw (COG) ~ 4545 » (HDG) ~ 454048
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89) ~ a4 (Fishing, 30) ~ % ##(Pleasure craft, 37) ~ 3 i# 4, (High Speed
Craft, HSC, 40~49) ~ j& #»4;(Port Tender, 53)%& > 7 B4 3 {8 % 2 £ 4y ~
g~ ey A R 0y F MR P R o AR
AIS 4, A F 30 > 1472 A0 E T £ 5 7 b w451 et 3 B e o

% 3-1 AIS #; a3 U] %/ %

okl i dafbg
0 # ;% P18 & X 3K %_(Not available, default)

1-19 g LA ki * (Reserved for future use)

30 4.4y (Fishing)

31-32 | ¥ F (¥ ¥4, (Towing)

33 13/ & -k T 1T £ 45 (Dredging or underwater ops)
34 -k ¥ ¥ 4 (Diving ops)

35 & * 4, (Military ops)

36 P4 (Sailing)

37 P54t (KR 4, (Pleasure craft)

50 51 -k 4 (Pilot Vessel)

51 #7474y (Search and Rescue vessel)

52 $5 4, (Tug)

53 & ¥4 45 (Port Tender)

54 7 73 4 ¥ ¥ 45 (Anti-pollution equipment)
55 #{.;# 4y (Law Enforcement)

5657 | ¥ = 4;4a ¥ 75 (Spare - Local Vessel)

58 FRE ﬂi%l 4 (Medical Transport)

59 2L §% P4 4 (Noncombatant ship according to RR Resolution No. 18)

60-69 | % 4, (Passenger)

70-79 | § 4 (Cargo)

80-89 | i # i i 4y (Tanker)

9099 | # i+ #§ 3] (Other Type)
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7o 4c@ 42 977 > FZIEA ROI R 2R KX TF o L
44 (rectangle) ~ % #7)(polygon) ~ B:(point) ~ 45 (line) & fik
(pixel-level) % % AR 2xA| ik > 4o B 4.3 #77 > FEEHR T b otk
FER (Label Type) » M e & # Fent 1 ERF DR T £ A&
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BAIE Y4 o A - R R Vi TP 2 1k
e FoARasr R e A E R BB E A E T b

4\ MATLAB R2023b - academic use

HOME PLOTS APPS EDITOR PUBLISH
Design Get More Install Package
App  Apps  App  App Color Thresholder
- E Threshold a color image (colorThresholder)
C>EGIE T > G Users — DICOM Browser
Workspace B Explore and import DICOM medical imagery and 3-D volumes (dicomBrowser)
Name Value
= dataRoot *CA\Users\ehol @ Hyperspectral Viewer
“C\Users\ehor View Hyperspectral Images and spectral plots (hyperspectralViewer)
*CAUsers\ehor
i Image Acquisition Explorer
Acquire images and video from hardware (imageAcquisitionExplorer)
ﬁ Image Batch Processor
Apply a function to multiple images (imageBatchProcessor)
an Image Browser
Browse images using thumbnails (imageBrowser)
mr computer vision applications (imageLabeler)
Gﬂ Image Region Analyzer
& Browse and filter connected ct in an image (i i lyzer)
m Image Segmenter
Segment an image by refining regions (imageSegmenter)
E Image Viewer
View and explore images (imageViewer)
@ Lidar Camera Calibrator
Estimate rigid transformation from lidar sensor to camera (lidarCameraCalibrator)
- N

W 4.2 MATLAB # 2. Image Labeler 1 £

uﬂﬁ43%’1%’ﬁ%RAiﬁ%aﬁﬁﬁ
Z dpdaw gk PR Y AR E 2 R R -
ﬁ_% s fg o P A ‘a,uja-, > 5 AR */\F o fE2r &
T % -5 » MATLAB 2 groundTruth #5545 -
KBTS P RE N R E R R G
2 4 2 A 0 ;‘*?f‘ L g

=
1;\\4

s Brightness distribution (2p19-8-31 20:1:50.9333 UT), o
Add : :

Label ~ : : :

‘\ q [=s 35- ; : L 80

ROI LABEL DEFINITIONS

“«

; : ! -
0 ; ; :
| La!e s lor object detection - ] - :

« Rotated Rectangle
" Labels for object detection

b2

G
|
T

« Point
Labels for point detection

Range (km}
5

Line
Labels to identify linear objects

] Projected Cuboid
Labels to mark 2D objects using a cuboid

_ Polygon
Labels to mark fine boundaries of objects

-

Pixel
Labels for semantic segmentation

>

(&)

SCENE LABEL DEFINITIONS 2

Andle (dea)

¥ 4.3 Image Labeler 1 & {31435
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A R FALE o

(:»MHAB%rfﬂf*ﬂwﬁﬁ’%*?@ﬁ§£$WE£
Ko FrBTA3IRFHFE FFREE I LT ARRS Y @
AR - R BERIIRARE TR ET o

(l)ﬁ%l »~ % < (inputSize)=[H,W,N] » & W& 7 5 & & 416 Z# ~ &
B 416 5% N5 347 RGB (#% %) NE %+ 14
R ERIICE TSI

(2) £ + (boxes)y= Nx4 2 A= A R4EE » £3° 5 [X,y,w,h]
(3) £t (labels)=Nx1 2_sgu|i& & » & > #HRF BHELI & 2

Btp sl N L 747 5 328 o iiare s -
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Doppler-Range Spectral (Site : htcn, Direction = -35°)
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Xu, J, Suo, Y, Jiang, Y., & Yang, Q. (2024). A Fast Algorithm for Matching
AlS Trajectories with Radar Point Data in Complex Environments.
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Xu, J, Suo, Y, Jiang, Y., & Yang, Q. (2024). A Fast Algorithm for Matching
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Xu, J, Suo, Y, Jiang, Y., & Yang, Q. (2024). A Fast Algorithm for Matching
AlS Trajectories with Radar Point Data in Complex Environments.
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Learmng Based Time- Frequency Scheme for Shlp Detection Using
HFSWR.

M.

TFRs

1 verification

i

5 v DS-YOLOvS
il § Cl lu((t‘! | o
'“%l it e e s -, M ' e ST S
RD spectra \ | L ———
X i Legend
| . -—— -
"“ il AIS Pretrained . " L-e b
A it | | information weights » — :
'r 4 Data Dataset Model Target
f : /1 P preprocessing  creation training detection
; 1 il
rrd I g e i
RT spectra ™ | M i . /TF ridge extraction, /" Detection result ™ ,f"’ Detection mullk\“:
| mapping ‘ merging I
\ [r
\ " L
| Ll s
‘ H
o Bl i
T m I
\ c L i ) ] | h
% ~ ,,f ~ 1

15

i 2-8




X ELEIRE (5/11) Huang(2024) @)

an, Y ng ’4). A Deep-
Learmng Based Time- Frequency Scheme for Shlp Detection Using
HFSWR.
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{uang, D., Zhou, | 0 X : : 4). A Deep-
Learning-Base T|me Frequency Scheme for Shlp Detection Using
HFSWR.
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Wi : _ it j A Deep_
Learmng Based Time- Frequency Scheme for Shlp Detection Using
HFSWR.
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X EEIRE (8/11) Yang (2024) €)
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Yang, Z., Zhou, H., Tian, Y., | Zhang, B., Qin, Y., Li, P, & Huang, W.
(2( ?rl Cascaded Detect|on Method for Shlp Targets Using ngh-
Frequency Surface Wave Radar in the Time-Frequency Domain.
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Yang, Z., Zhou, H,, Tian, Y., Liu, G, Zhang, B, Qin, Y, Li, P, & Huang, W,
(2025) . Cascaded Detection Method for Shlp Targets Usmg High-
Frequency Surface Wave Radar in the Time-Frequency Domain.
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Yang, Z., Zhou, H., Tian, Y, Liu, G., Zhang, B., Qin, Y., Li, P, & Huang, W.
(2025). Cascaded Detection Method for Ship Targets Using High-
Frequency Surface Wave Radar in the Time-Frequency Domain.
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<\ MATLAB
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