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ABSTRACT:

Corresponding to the risk of increased marine vessel traffic and channel changes arising from offshore wind
power installations. This project uses the array radar observation system which built by the institute near the
Taichung Port North Sandbank to develop ship detection technology, and integrate the Maritime and Port Bureau's
Automatic Identification System (AIS) around the offshore wind power area and the Taichung Port area.

This project uses the Doppler spectroscopy, adaptive detection method and adaptive ship detection method to
perform ship trajectory detection. Otherwise it also combined with fixed false alarm rate filtering and noise test
method to enhance ship identification accuracy. The comparison of high-frequency radar identification and AIS data
shows that the success rate of observation at an observation distance of 4 ~ 30 kilometers shows a steady trend, and
the success rate is about 60%. However, it is difficult to accurately detect ships within 4 kilometers near shore with
strong sea noise interference and over 30 kilometers with weak echo signals. Background environmental noise
interference is a key factor that mainly affects the success rate of radar applications in ship observation.
Simultaneously, this project integrates the ship position information calculated by the radar and the AIS data of the
Maritime and Port Bureau, and uses geographic information software (QGIS) for display, to visualize the distribution
of ships in the sea area. This result can be used as a prototype of the value-added application and development
system.

In addition, this project also evaluates and analyzes the impact of offshore wind power work boats entering and
leaving Taichung Port on the operation of port navigation vessels. The analysis results show that during peak hours,
the maximum total waiting time may increase to 6.58 times. Therefore, it is advisable to avoid excessive
concentration of offshore wind power workboats in and out of ports during peak hours.

The results of this project can enhance the Maritime and Port authority as a reference basis for monitoring the

dynamic monitoring of ships in the sea area, and port management strategies to improve navigation safety.
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27.75MHz @ A5 T Bk 0 B B L AU % ehid e ek (chirp) R 5L
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wE X REKE 4
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1280
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23 BAES T ENEL RAPHETT

* 1970 & % g i@ * B AF %k F i (HF skywave radar) i * >ty &

fé Blen%k ] o >+ 1984 # Tony Ponsford % # § R A~ 7 3R 2 B 308 * 3
¥ & % iZ (HF surface wave radar) i * >4 & 1f jp| 22 i ¥ (Ponsford >
1984) c W d FACEPREPRET LT MRS frE G VK
Fraddpg a3 2 BT vkl Bmajiir 4 & e
# 35 (Fernandez et al. » 2001) o & i€ * B H4F L 7| § M ELyetdpdg 730 o
BRLETEFEITAAGEBHEFE ) DG IR FgF

F 3o 0 E B a2 B o

1234 Fernandez et al. (2001)'_55’ Shearman(1983) » 4 4a & >+ 3 i 2
vk L R (P) N kAT

P, =(PRG,G, A 0L L) AT 1Y) oo (2.1)

P s T35 s F(W) > Gia B 5% A E > G 5 8fcx 8§ o
AMEdEm) o i TERGH Ly (D5 Flid ok Bdg = g
#IF 0 Lo 5975 8 SLenfEdf o r & EEHE(m) -

2t B g B Py

k=1.38%102 J/degK » To=290K » B=1/CIT » CIT 5 2 % #§ p5 &

(coherent integration time) > Fo & X | # e B2 582 e o
I B2 L (signal to noise ratio, SNR) :

SNR(AB) =10L0Q 4 (P, /P.) oo (2.3)

TR L LR N P A T
P~ d e E RS REIEEE S R A J§J5(Ponsford and
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5 T T T
Y =0.79X + 0.504, r = 0.96 ; g:?;::é:fﬁfgﬂ

RMSE = 0.26 , BIAS = 0.118, Sl =0.012 — Hs (AWAC)
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2019
I T I T
5 * mean Hs (LERA)
— Hs (HsinChu buoy)

Y =0.707X + 0.705, r= 0.81 —— Hs (AWAC)
RMSE = 0.39 , BIAS = 0.243, Sl = 0.017

4k -

Y =1.191X + 0.224, r = 0.93 (Hsinchu buoy & AWAC data)
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LERA & AWAC: a =0.78, b =0.25 * Hs (Existing method)

r=0.95 RMSE = 0.27, S| = 0.14, BIAS = 0.149 * Hs (ImageFOL method)| |
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r=0.97, RMSE = 0.18, S| = 0.101, BIAS = 0.042

0
Jan 24 Jan 25 Jan 26 Jan 27 Jan 28 Jan 29 Jan 30 Jan 31
2019
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Latitude [°N]

Mean Background noise The Standard deviation of Background noise
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Dzvonkovskaya and Rohling(2007) ~ Roarty et al.(2010) ~ Chuang et al.
(2015) ~ Lu et al.(2017) » i * = )I?cf‘ #e iz BT E P4 2 "h’ﬁ
o A daFEaE B L ARAe W] 215 om0 T R & Ay da i R
W AEPIEEE o

BE AR EE

SRiLER )P PF 38 28 M AL A6 18 Rk

45 E%’ i) )E‘jj‘ k4 :}ﬁ Adaptive Detection method Adaptive Ship Detection method

(Chuang et al. 2015) (Dzvonkovskaya and Rohling 2006)

Cross Spectra (CFAR & Noise Testing)

(N - AR
Doppler-Range Spectra

(BERE~ A% - AH)

He 5t Bk P ST HF S

Gating Statistic Distance
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24.1 dpda Rl 2 A BB FHEP

*3+3% 17 Roarty et al. (2010)57#%5 4 = 27 - &% — H 4o da i jp| >
fatde™ d g n K AELRITOR Y o SR R IS R B
P R At PR e G S F R TFS A
FEiE o RILT BB BB P B £ R R R F LR
FRERE AL BRI AR LI AT T AHRY B E -
4_4% % Chuang et al.(2015) 2. # iF |+ ¥ Bl ;2 (Adaptive Detection
method)> = %_% - Dzvonkovskaya and Rohling(2006)2_ 2% i |4 4 4a 1§ |
% (Adaptive Ship Detection method) * 144~ 4 il Jjg < F04 2. % F 52305 14
TIRRAE Y MBBIFIE ]l ARt Y o o

1. 3% i 2 0 Rz

%% Chuang et al.(2015)i& * 2_ A M 2 > L35 by 43
i * = M## T 352D moving average) » £ #-2 < AF # o X
35i 2 HF > R 4T A 4 5 (Residual signal) » = 45 $ T o0 N 4o A1

T .

(m-1) (n=1)

yi.D=—— Y Yxitkj+h 25)

MXN - (moy/2 1=—(n1)/2

P53 B s aEdpE AL XU IPD S p s R
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A i A W1 152253 BB L B s 3 iE PP fE(Adaptive
threshold) ¥ %36 g 5220 52 58 o
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2. 34 s Ay da R)2

A if Mg ez 24 Kendall et al.(1967)22 Dzvonkovskaya et
al. (2006 ~ 2007 ~ 2010) » g& = ;% i * *Tdnda @ PIIRE 200 - PEiE G %
wACET L E2 R RRMEE c HAF N AT

T =max{T, 0, T, 0} e (2.6)

T.r LIRS Y W R ‘ETF (Curvilinear regress10n) ZHg R E
(Upper confidence bound Value)IOO(l—a)% ' To # FEF AW EF2LG
i A E 100(1-0)% > B 2 R AF R R v B PR TEEAE AR S B 2 A
AT PIAR G ¥ av 2 dpda g o bRy 2459 978 * 2. o % 0.05>
B RES 95% ¢ 5 ¥ winE 2 7 3 & (Confident level) > 42 i
PR B (R 2 B A gE o

S - R N A R 1 T R
daiF B2 2 % = H# 4 James I Jen(2011)> e P & * F] T 4p R EAR
i /g 7# (Constant False-Alarm-Rate » CFAR)#£? 3231 ;B :#(Noise testing) °
Peni B 2 a2 P AETE 238 e 0F 2 00 R IR E - R
EenE S BN ERadidgin g o

3. R4 ER B RS £ R Rl

T A R ESR S i M #y -4 8 R (Neyman-Pearson criterion)
B Ry R BREFAEE > A5 S s A X T TR Y
TRl P ARG 22 2 PREE TR FEFREIRERET B
e * 4 & (Rohling » 1983 ; Dzvonkovskaya and Rohling > 2006 ;
Dzvonkovskaya et al. » 2010 ; Dzvonkovskaya and Rohling ° 2007 ; James
J.Jen » 2011) -

'P‘]Lfﬁdp—giﬁ—; LD e G L ST I o
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e 2.7)
T 5 PHE  ai't &%+ (scaling factor) » Aie?® fa M HEF]F
(threshold factor) » P, B 5 f&30 38 & o

L 32T ¥ 4% 347 5 (Cell-averaging CFAR, CA-CFAR)s 12 4 5
£ $2_ p &£ 8 = (Cell Under Test, CUT) » #-H

B FP- R FRPN 2
H o HAFITDRE ~ (Training cell) > T #-g= Bl 2 2R E ~ (T 35108
i T s

v T 38
I g5 [F] 2. T 355 & (8 (Local average power level) » % P -5 < 2 25
S R < OT g RIN e T e Rk P PR o RIVARG R PR
P BRN LTI R Pyt T A2 4

NEEIRE Lndic) »Xm B &5 - BIRE ~ o
T+ a4 T

a=NP@™-1)

Pfa 2 5358 4F 5 o B 8HF 5 ¥ lic o BFEHF - Lirdy
Wik T A E P B R Tk

L FEERSF G LA AR B LR Lehy b T
T FEIRF - b~ T OH T4 F ¥ 5 (Greatest-Of-Cell-Average
CFAR, GOCA-CFAR) -~ % ] T 3 ¥ % &4 # & % ¥
(Smalllest-Of-Cell-Average CFAR, SOCA-CFAR) % » H & < T 35§,

vl BRI RE P

v
l\aﬁ'

Pt TR E AL P E P HEE R
Dzvonkovskaya and Rohling (2006) » # ~ T 355 T 45 5 & 4R F f & * 3

PEEABLERS T BT B TR TS FEHR S R
@//%1/27 °

i F X lia”ﬂi%?f—%{ﬁﬁﬁ WS PF > T e PFE (T AR R
% $245 Dzvonkovskaya and Rohling(2006) » &30 |28 2_ 30 5538 20 -k T
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(signal-to-noise leve) Ff/gina 2 " > 6dB 3|t A fix it » 4 ¢

R T2 A daisl 0 FRIGRRG - B A A gt o
Wb AEREARE BT A H Y > v = H 5/1‘?;;_;{& AT 2 i

# T i > » %> (Direction of Arrival, DOA):‘@ A2 @ig\*ﬂ B FEARE -
3 AT A B E %% Schmidt(1986):7 % £ 57 & 2 (Multiple
Slgnal Classification, MUSIC)Z 2 %< Bhuiya et al.(2012)e& & & =
(Beam forming)/# & i » H 7 Lk & 2B 2 1 3oL AT 2
(TP 2 ?'}}?JM}U% aRF o FPLARFFZNTES T AR R
REéxghizty o

4. ¥uitpE3E F® (Gating statistical distance)fui™ F538

RENE A X S ‘ié SRt et 2K FRE AIS T
AT I RETHEHRAFFEEDOREET R RXn FER
¥ ﬁ%i?éﬁﬁ;(speckle)w? é:_, FIBFELBELED S AR
Wi o Fr AL D FRENP RS DR S e P RS 2
R gh gt s P RS ERE U 2 - R T L IRk o
g FREEET B 0 v G BRBE Y T @ R E e - R
BiEs S dath o o- A BHEE L p B P SERE B - PR
REFRDAIS FREIAE - p &R FrEh sy
Dzvonkovskaya et al. (2010)~ Dzvonkovskaya and Rohhng(2007) ~ Gurgel

et al.(2010)2 5L3*FEZL PP FLB SRR H T o SL3- BRI P 2 4540 0% (2 2] 70
AT ol
dwads Nas Vol &V | e (2.10)

d % SFRISy 02 R 4s sy 402 BEAE 0 Ad S Sy A0 BEAE | 2P > Yy, b

LATZ dpdad B 0 Vo e R4S 4032 B 0 AV & dpdasd B 1) 2 PR o 45 4a

2-25



FEAS E R PR BRI e dam K T M ERAEP 2 Ruph iR ;{;i.ug
ERENM A BIEE S - LAAa M EATARL SR 2 AR AL
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2.4.2 4p4a R 2 RFERFHE S

PATT P B R RIGRL 108 & 8 0 31 p 3pFEE P OESAEF AL
FHEBRITARG B B 216 5 A G HRIF D R 2 f8 " BEESE o 3
B2 @R FTREBER LSS 4 E A(cell) i 810 fEAEL 40 2 2 >
#EFH ~ 5 2560 4 F 5 -2.3Hz 3] 2.3Hz -

DR Spectra (Site : htcn)
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Residual Signal (Site : htcn)
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Posible vessel echo signals (< 1.50)
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R 216355 - BE 2z itz agrgE 25
FPRES 95% & - B A2 AF P85 540RB 221 #r7 o

Threshold (Site : htcn)

0 (20190831 03:01:50 ~ 20190831 03:02:46 LT) (dB)20
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T e |
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3. AR FERTERZZRAPES S

SEER R P E S R R S - R
FenG R Y A P adpda g > A E MR A PAsda i
Bl iSO e ER TG RE Y Pk T T E R S
0 % 4o 2.24 frT o

Target Detection (Site : htcn) Target Detection (Site : htcn)

8(52{1190831 03:01:50 ~ 20190831 03:02:46 UTC) X (20190831 03:01:50 ~ 20190831 03:02:46 LT) .
@0 8 08
g 60 8 60
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2 2> 06
[1v] ©

o 40 o 40

o o

5 & 04
E E

520 320 0.2
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R 2.24 5 i % A fEA A0 RIE T F R B AR S AR B
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2 dpdazlEL o
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Vessel Detection
(2019/08/31 03:01:50 ~ 03:02:46 UTC)
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B 2.25 3400 2 FA S0 40 RIE 5 5% 2 AIS v 4
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Mt BT EFTH Y RFEFHIRERPTR T ZLARLST
$ iF(Brightness d1str1but10n techniques) » & % 4- ] 2.26 #77 - £ 8] 2.26
B A B EGR T AR BAE T kSR R D] o e SRR
%Eﬂ}_ -0 R PIEFER G RN T A QS P2 R MELT IR B
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5. SRR LB FEEE R E AIS 1B 5

FEd fhdpdg 0 R2 20 B 5% SAE S FEAL Y P FERN I B SRRy
dpiEE o H 2% de@ 2.27 Fror o # L (BE) T 5 1 F SR ERAE
Prygaszt B2 2% 0 TERPIRSERE isdad N F F ghdoT o
Aild 8BS AIS PR 2404018 > Ficd T3 5 4pdaR F 3955 o
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Vessel Detection & AIS
(2019/08/31 02:33:14 ~ 03:03:14 UTC)
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P da it 2 B -
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6. BALF|FE L AIS v H B %

) maﬁ;gatg Lo g e AIS 2 T SERT A5
2 AIS 2. P end B33 AIS 4L % 2 fa‘ S s 48 R
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Microwave radar

AlS data -
(10:31:00 ~ 11:00:00 2019/10/16 LT) (10h30 llhm' 16/1012019)

24.45

244

24.35

Latitude [°N]

243

24.25

120.4 12045 1205 12055
Longitude [°E]

B 239108 & 10 ® 16 P 10 : 30 AIS £2 it 3 BB R
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AIS data Microwave radar
(13:31:00 ~ 14:00:00 2019/10/16 LT)

{13h30 ~ 14h00, 16/10/2019)

24.45

24.4

o
=
©
a

Latitude [°N]

243

2425

120.4 12045 120.5 120.55
Longitude [°E]

B 2.40 108 & 10 * 16 P 13 : 30 AIS £ it & E P R

Bl 2.39 #7o1 » Fid F ~ BEL AIS T e dr2 dpda-k b %’“v‘]l.%i
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AR Frd 2T U THFp(MB 220194 85T % >
WA A g LT AR ek b T b e 2 TR vim
FPHE - B DG LYPFE THERF L T RE R AL LA E
i R EE Rz FE o TR FEFHFE 7 F £ £ 20 57
BB = ) AR R IR T T e R T R F
PR G ALY BERGEG TSR

¢ 43S Q';I;u;ta T b SR o doi@  AIS R E AT AL AR
W5 1 dpdgiRat 217 5 F B 5 /2 (Monte Carlo method) % i B i
LI RE(BEE L 0 2016); Fret H e AIS @ % Etliiﬁa‘&ﬁ i# £ (Digital
Selective Calling, DSC) /2 VHF 70 #f:f A # i v S EFF T K E
i T&F‘?'Fim?f,u@-%m% WE AR (EE A ’2018) rL L ERET ALS B
RERGITEARMET A4 ER o

3.2 AIS Fflgr e

p 2002 # ®%= s F B ‘i‘« (International Maritime Organization, IMO)
FHE (REE A e > 8) (Internatlonal Convention for the Safety
of Life at Sea, SOLAS ) & &7 30 -kt » B A 300 12 F 2 45
ﬁé”fawf%ww¢w<4wmsr’h@& SRR L
(Automatic Identification System, AIS) » 3% B & 4v 5 #% L2775 F b "% 47
B 2007 #42 > - B RE N Hus 500 w2 ¢ odndgs B e 5 AILS o
HEFEFR *iﬁﬂ R friFrk l%%léﬁifm KRN RS AP T S R
A dfT X 2 E W E RGP o AT REAEERELL D

AIS 5 LB 4 Hhes phins ¥ 7 3k Bdrdad i 4 o {BIFT &
LHMA P RPN E R A BE T I REATREREE R
Vb AIS RAF AL LG @RS L ¢ RAEE VHF@%@;&_@ K
MWL PRFERvAAR L LY 1&g ,é;jéﬁq,k_p 25w 78
(MMSI) » £ FR A H @ chE BfF i Gy R L ? & 37 SFE -
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4 4a ¥t i# B (Speed over Ground, SOG, H i+ knots) ~ 4 4 % 3+ S
(Course over Ground, COG) -~ 4; 44 » (Heading, HDG) » 14 2 1% 1% 20 5 pF
S L3 288 R EEASEAR  Am Bledy B ey dg R il ?mg
2k & (VTS) SERFE 774 + AIS # f& > #5fie AIS i@ % feiaf 5 (4 et
(D1g1ta1 Selective Calling, DSC) 14 VHF 70 #g 3¢ 2 #» 3 512 J§ 1 §FF (2
RGBSR S LR 4 2018) 5 d %0 VHF A2 AIS f ok
FEHL 20 508 > & F B RE L W et T AIS e I L > et
2019 # 1 * & Li‘f#‘ii—é’rb‘,ﬁl%,? TR E LR fe s RIS
e dedeet f ek (ICSPA) &% 3= B'g dpdadofornd » 2 RS iF
& e didc e 4« (COSPAS-SARSAT ) 3+ 4 » i@ fRkxd 7 P i ik
Pz k ,fmiéamfé oo ENBPEGFIFE o

AIS F 1 & i * 4y 3% £ (Position report) ® 4y 4g -k b 3 %] 75
(Maritime Mobile Service Indentity, MMSI) » 5 & % S & ~ dpda¥y & B
(Speed over Ground, SOG, H i knots) ~ 4, 4 %+ s (Course over
Ground, COQG) ~ 4, 44 ##¢ 75 (Ship Type) ¥ 2 @ A BLpF M & 2 78 S dc o
# ¢ Ship Type 3+ 7 99 & =~ KA % = Z ¢ (Passenger, 60-69) ~ b 45
(Cargo, 70-79)~ i %(Tanker 80-89) ~ /4. 4 (Fishing, 30) 2 -4&(High Speed
Craft, HSC, 40-49) G %% # 3-1 4, dafdsg i g7 4 )
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% 3-1 4, 444638 (Ship Type) * 7% 7] £

Ky 4 da 5
0 Not available (default)
1-19 Reserved for future use
20-29 Wing in ground (WIG)
30 Fishing
31-32 Towing
33 Dredging or underwater ops
34 Diving ops
35 Military ops
36 Sailing
37 Pleasure Craft
38-39 Reserved
40-49 High speed craft (HSC)
50 Pilot Vessel
51 Search and Rescue vessel
52 Tug
53 Port Tender
54 Anti-pollution equipment
55 Law Enforcement
56-57 Spare - Local Vessel
58 Medical Transport
59 Noncombatant ship according to RR
Resolution No. 18
60-69 Passenger
70-79 Cargo
80-89 Tanker
90-99 Other Type
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v e

= oAr I FEEe suit A g
d 3t AIS { A7Hp & er 4y
g4 da38 %) TUT-R M.
LA P A <~ 1] B A

ﬁ«*i
&
i

Foehdcdy o LR AT £ & i
#3 Mo RFRE AR ARER L ATAOE R
1371-1 (Table la) HpF~ 2z p @ 3> 1 §F & 17
3 % > AIS %3¢ (transponder) & 23 104
RIFTEIFL > paF P dpi 20 3 {35 3 0480 45
# A3 ER 1061 3 03] 14 & prs 10 )38 =
Fur FUEFEI3IHLRT 4P 23 apFE 6 L AT F fue 1R 27f/

—‘«k’mii 1?

AT 4 A0 23 8P 2 %G & bue pzég:,gtsq:@ 28 L A7 dpda
fo i (AP 54 4 320
%32 e BB RERLER
SIS TRCE S 1 A
Griping o EHE R AQEIE 3 min
Gpp s Bop o EHR RATE 3 & 10 sec
0 3 14 & 10 sec
0 3 14 & ¥ { i 3.3 sec
14 3] 23 & 6 sec
14 3] 23 &7 { #5sR 2 sec
+ 3 23 & 2 sec
L3 23 &P I A 2 sec
7 % 7k 1 IUT-R M.1371-1 (Table la)

3-5




kit #AIS T d MSSQL F L& % 2 (4- ) 3.2AI8 4y = F R 4%

RN ME FEBE G ETAR 33 FEL TS L
* T HE S web-GIS ¥ 3 P~2. GeoJSON 5% (4-B) 3.4) » ™ { #7E
AR 2 F AT A 4T B(F 3.2 2 B 3.3) -

) pos_TUTL_20190830.txt - IS

WFEP HRME) #/L(O) BRNV) REA

AIS server

Listing positions

sta=TUTL

SavefileTine=2019-08-31 00:17:51
DatafromTime=2019-08-30 00:00:00
DatatoTime=2019-08-30 23: SQHSQ

Time(UTC) MSG Lat(E) Lon(N) S0G(knot) COG HDG
2019-08-30 16:14:47 416005156 18 24.288432 120.513282 9.8 123.3 511
2019-08-30 16:14:47 477830700 1 24283217 120.434068 10.3 234.7 235
2019-08-30 16:14:48 4161804 4 24.312950 120.551400 999 999 999
2019-08-30 16:14:48 574442000 1 24.258943 120.463645 0.4 213.6 336
2019-08-30 16:14:49 432885000 3 24.229400 120.431967 0.0 134.0 23
2019-08-30 16:14:49 416000124 1 24.287822 120.515655 0.0 334.6 Sll
2019-08-30 16:14:49 353405000 1 24422707 120.514057 12.6 19.3 16
2019-08-30 16:14:49 416435000 1 24273600 120.526467 0.0 147.5 511
2019-08-30 16:14:49 416001352 18 24 444323 120.503607 7.1 212.5 511
2019-08-30 16:14:49 441603000 1 24418355 120.445762 11.7 35.8 38
2019-08-30 16:14:50 457462000 1 24 264970 120.523522 0.0 279.6  Sl1
2019-08-30 16:14:50 416003895 1 2426500 120518517 01 2027 0

B 3.2 AIS 4 = F AR F 1

j“ |_20190830f txt - 5°- »

BEF HREE -3
Datetlne

2019-08-30 00:00:27,
2019-08-30 00:00:27,
2019-08-30 00:00:27,

2019-08-30 00:00:27,
2019-08-30 00:00: 2?
2019-08-30 00:00:27
2019-08-30 00:00:
2019-08-30 00:00:
2019-08-30 00:00:
2019-08-30 00:00:
2019-08-30 00:01:
2019-08-30 00:01:
2019-08-30 00:01:

AALA AR AR A/ A

Lon, RC(kn), Dir(deg), Vel(n/g),

24.28585, 120.41918, 11.74, 257, -5.94,
24.30463, 120.44841, 8.24, 266, -4.38,
24.34503, 120.457, 8.24, 298, -0.49,
24.37057, 120.39867, 15.23, 296, -0.19,
24.45313, 120.24196, 34.72, 297, 0.0,

, 24.38137, 120.43793, 12.24, 310, 0.1,
, 24.37688, 120.44604, 11.24, 311, .17,
, 24.43075, 120.43851, 16.23, 325 1.85,
, 24.46995, 120.48026, 18.23, 345, 5.55,
, 24.24687, 120.37477, 17.73, 247, 6.62,
, 24.28483, 120.41475, 12.24, 257, -5.94,
, 24.30431, 120.44388, 8.74, 266, -4.38,
23 04wl B4 N1 05

B33 FEeL-FTHRHAFRS
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-16.63
-17.58
13.95
-22.45
-20.44
-0.23
-8.74
-28.3
-32.66
-42.31
-16.73
-17.47
13.66

L ]



BRE @ME B0 @B KA
var json_AIS_3 = { 2
“type": "FeatureCollection”,

name' "AIS_3",
M type" “name”, "properties”: { "name": "urn:ogc:defiers:0GC:1.3:CRS84" } },

" featu res": [

{ "type": "Feature", "properties” :{ "DateTime": "2019-08-31 10:00:01 ", "413374860": 415869952.0, "1": 1.0, "24.274613": 24.2
{ "type": "Feature", "properties”:{ "DateTime": “2019-08-31 10:00:01 ", "413374860": 416000091.0, "1": 1.0, “24.274613": 24.2
{ "type": "Feature", "properties” :{ "DateTime": "2019-08-31 10:00:02 ", "413374860": 416005052.0, "1": 1.0, "24.274613": 24.2
{ "type": "Feature", "properties”:{ "DateTime": “2019-08-31 10:00:02 ", "413374860": 235060018.0, "1": 3.0, “24.274613": 24.7
{ "type": "Feature", "properties” :{ "DateTime": "2019-08-31 10:00:02 ", "413374860": 43649468.0, "1": 18.0, "24.274613": 24.5
{ "type": "Feature", "properties”:{ "DateTime": “2019-08-31 10:00:03 ", "413374860": 4161804.0, "1": 4.0, "24.274613": 24.312
{ "type": "Feature", "properties” :{ "DateTime": "2019-08-31 10:00:03 ", "413374860": 511991000.0, "1": 3.0, "24.274613": 24.2
{ "type": "Feature", "properties”:{ "DateTime": “2019-08-31 10:00:03 ", "413374860": 416005716.0, "1": 1.0, “24.274613": 24.2
{ "type": "Feature", "properties” :{ "DateTime": "2019-08-31 10:00:03 ", "413374860": 373595000.0, "1": 1.0, "24.274613": 25.4
{ "type": "Feature", "properties”:{ "DateTime": “2019-08-31 10:00:04 ", "413374860": 416037000.0, “1": 1.0, “24.274613": 24.2
{ "type": "Feature", "properties” :{ "DateTime": "2019-08-31 10:00:04 ", "413374860": 413977000.0, "1": 1.0, "24.274613": 24.3
{ "type": "Feature", "properties”:{ "DateTime": “2019-08-31 10:00:04 ", "413374860": 574442000.0, "1": 1.0, “24.274613": 24.2
{ "type": "Feature", "properties” :{ "DateTime": "2019-08-31 10:00:05 ", "413374860": 563656000.0, "1": 3.0, "24.274613": 24.2
{ "type": "Feature", "properties” :{ "DateTime": "2019-08-31 10:00:05 ", "413374860": 352934000.0, "1": 3.0, "24.274613": 24.2
{ "type": "Feature", "properties”:{ "DateTime": “2019-08-31 10:00:05 ", "413374860": 416435000.0, "1": 1.0, “24.274613": 24.2
{ "type": "Feature", "properties” :{ "DateTime": "2019-08-31 10:00:05 ", "413374860": 441077000.0, "1": 1.0, "24.274613": 24.8
{ “type": “Feature”, "properties”{ "DateTime": “2019-08-31 10:00:05 *, "413374860" : 248889000.0, “1": 1.0, *24.274613": 24.5
{'type :"Feature ’ pmpertles { "DateTime": "2019-08-31 10:00:05 " '4133?4860":4133?48600 "1":3.0,"24.274613": 24.2

TS e WM L e B Mmmam mm ma s s e 0 Masmmmameall e s HaM mom Wms mmasaaN o~ =

< Er

@ 3.4 GeoJSON #.:\Fh%Ep %
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% ubuntu 16.04 Desktop 5= A T % % %> 2 % 3% LAMP(Linux + Apache2
+ PHP) P PR R ﬁﬁ% o BF & B TR B 2 3 I T 3 R 7 (OpenStreetMap) »
AR fF i e i B 2 ééﬂﬁi%&iéiﬁ’ﬁﬁ%@32
2 B33 AT S L 3 webGIS 3 B2 js #EE (N 4rB) 3.4)
js FHT S WebGIS Z_ Bl & (layer) - webGIS ;43K 2.7 p 74 (T d
QGIS i * qgis2web-plugin & I} » & 412 3L & 1 53| Apache & F @
JRETF HEN ERRAT -
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AlS HTCN Radar

X X

g s i . i, e e i i o -~
/! = ? \

, ) - = | \
| SQLServer Q |
| !L_ @ I
| v @ python B I
I ‘ 4 > LAN enviroment . '
| Data/txt ______ > m I
| QGIS :
| u, APACHE |
| [
\\ Iocalhost http://192.168.xx.xx:8090 /l

T -

W35 &7 ks RRii

AR R L 20 o F GIS WPR A0 ¢ 35 QGIS(% #F Quantum GIS)>
gVSIG ~ Whitebox GAT ~ SAGA GIS ~ GRASS GIS ~ MapWindow % % >
B9 % % ¥ £ehQGIS ¥ = 451 K FTH Python 45 12 7% it » it 2
RS gRE > M {ATLI 34K AN Web g0 2L
ERETLEE i FiERfez st £

IR T2 AR AN FEP KA G0 F & 4 BB E QGIS
57 P B B2 B0 F R & Project s B i AR 0 L B
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o EECLFETE LY EEET T L= ST =5 T

L LA AL s ® ¢ H
= i “* Recent Projects
s2TT0
, Favorites
Home
i/
; GeoPackage
SpatiaLite
= K
B MssqL
a B o8z
B WS WMTS
B XVZ Tiles
- wes
" WFS
ows

"
@ ArcGisMapServer

- /hame/pi3Qgis/cpenLayer.agz
C) & ArcGisFeatureServer EPSG:3857 (WGS 84 / Pseudo-Mercator)

# Geahode
3 Layers an
cAnY L g

TC
*. [home/pi3Qgis/TCage

Ve openstreet
P 4 /hame,pi3/Qgis/openstreet.qgr
» r’ EPSCIBST (WGS 84 [ Pseudo-Mercator)

EPSC:4326 (WOS 84)

L1

Coonsiate & sale 1 * @ MagnFier 100% * Patation

B FALM D QGIS A BE AN > ¢ SR REE - 2

F % (Delimited Text) ~ % $%(Mesh) - & GeoPackage # i+ » 1 % g %

PostgreSQL MSSQL 23 P~ WMS ~ ArcGIS "Bl F * % > TRl 5

e x Fm (B 3.7) 2 A F 5 B AIS © F 4 #: 7V iE # Delimited Text

%»1;& CERRERE AR A AT X YR AR
BT o
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Data Source Manager | Browser | Delimited Text

W oower File name | fhome/pi/www/Data_AIS/pos_TUTL_20190903-30min.txt all..
- p Vector Layer name pos_TUTL_20190903-30min Encoding UTF-8 v
Raster -
* v File Format
“: Mesh
CSV (comma separated values) v Tab Colon Space
9 DelinitedText
2 Regular expression delimiter Semicolon 1 Comma Others
& GeoPackage F
G o Custom delimiters Quote Escape
/7 Spatialite
\ PostaresQL v Record and Flelds Options
MssoL Number of header lines to discard 7 + Decimal separator is comma
$
& pe2 ¥ First record has field names Trim fields
+ 4
o 7 Detect field types Discard empty fields
\?1- Virtual Layer
t{g WMS/WMTS ¥ Geometry Definltion
-5; WCS ® Point coordinates Xfield 120517697 v
WS Well known text (WKT) Yfield 24.288913 \f
Y
No geometry (attribute only table DMS coordinates
{g ArcGIS Map Server bt pe
Geometry CRS EPSC:4326- WGS 84 ML
Z)q ArcCIS Feature Server bl
[
. Help Add  Close
3 > P -\ =X ) -
W37 AEFHALI2FTHRE> S 0
g 4% S w1 2 = s}l ; =< sl , o z A2 = — g ;¥
B TT g AR TRERAGE AN T2 T JEE
.
# T

EHT O ATH AR B & LB 2 B BRSSP R T

PRI THRAT o RFETTRERNIRT #ﬁflvﬁmm&?%‘% e

gt oo B F T THGENE ;:g d /& & 2. OpenStreetMap
AIS 2 § Ef@ B4y =T B A & (4-™ B 3.8)

=
B
J4¢
I
v
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Browser B8 ¢ - . Layer Styling 2E
iCYz0 v HTCH_20190831F-15min -
Favorites o 7 : "
B Projectiié < } & B single symbol
¥ ' Hame e v J 1
» O/ N v & Simple marker
# GeoPackage " 5
# Spatialie s
| postars : \
P pssoL ]
B oa2 "
b @ WMSWMTS / ‘* a #
v @ XYZ Tiles =
® wes . -
= !. - Unit  Millimeter
da T30 e ———— |
¢+ HTCN_20150831F-15min =
¢ 4 pos TUTL 201508515010 R OV ALUR 4 See. | 1.50000
» TC -
v 8 I LY ',” Rotaticn
- ;upmum ; LI
» - "
v O & » r’l y Favorites
ATk / fr Z
LN . / o A i !
O / / nr-y' iF RN > =2 ) g L (o} [
Log Messages az
General X Python waming X mmn QRealTime % Processing % ot black dat white et
Active Theme Path: I = ——
Default Theme Path: imagesjthemes/defaulty Save Symix
SWG Search Paths: fusr/share/qgis/svgf
User DB Path usyshare ogisesourcesfagisdb > Lyt hindariog ;
Auth DB Path: b fags-auth.db
¢ ¢ Lveupdate  Apply
201910-21T1311:44  INFO QIS Ready! -] Layerstylng  Processing Toobox
Coordinate 13094807277552¢ |6 Scale 1201M18  + | Magnier 100% + Rotation | 0.0° = Rander @ ppscus @

) 3.8 QGIS 3% /£ F] & 3% %

Y

B 3.9 5@ * QGIS 3 B~ 5cR S57 #.3% 2- 7 3 /% BI(*.000) > FF P
£ OpenStreetMap Bl & % AIS = F Ah#icdy ~ 7 4 2 Fihdicdpd &
T (B 3.9)

Processing Toolbox 1]
.~ .

» O Cantography

» G Database

+ Q2 File tools.

+ Q mterpolation

+ G Layer tooks

» Q2 Network analysis

» O Haster amalysis

» Q) Raster errain analyis

» Q) Raster tools

+ @ Vector andlyss

» O Vector creation

» G vector genetal
@ ArcGMapServer = » gvv«mb::w:ry
¥ ArcGisFeatureserver N : r vy
* G vector table

& coAL
v s caass

I-".nwmm
{

Cotiate enoLITS | @ Sale 1340+ @ Megbe 0% 3 Malton 030 2 4 Memw Sy @

W 3.9 3% S57 W T2 OSM W& 2 4 - &
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R RIS NEP IR RN ITRIREF- oz ARG
AKREELATRJSHTF » p i _QGIS #% & Python Develope API 1
Ko RRBRFFERME > TR E L F T 4 (QGIS Python Plugins
Repository) » ¢ § 4246 1000 £ PP AZN B ERE 2 R % KL FT
foie o @18 QGIS hrt i {54 T MBI A o Bl % eh
qgis2web PR AR R T AR ¢ R TAF 2L A BRI T - BEIRB T (AIS 2
SR ) el de 0 BlR T ?Ey’tiﬂgﬁf » B 1 (export) T % =
web e FEHER 0 TR S ® * qgis2web hHAR o BFORTRIY B
4 & js T html A5( L B 3.10) ©

Restoee pages?

L EFECLELCY

B 3.10 £E = #iT iR
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3.4 AIS 4540 % B A 45 Hopv

At E A Bk h AIS TR~ AT SQL FALE PR A 2019 &
87305 9" 3p T p o TitH AIS TR T 40 % B NP ieH
8% &Z 9 5P 120°E ~ 120.75°E ~ 24°N ~ 24.75°N F 58 P #-31
$ 8,403,581 £ #icdf > # £452 MMSI 5 2,903 4 » pb % 4 B33y 8
TR AT 2,903 800 2P i 880 #9(30.3%) 0 i ## 665 4&
(22.9%) ~ ih 45 F 278 49(9.6%) ~ T 5 21(0.7%) ~ H-HE5 49(0.2%) » H i

2 75 1054 49(36.3%) v Ap§ B 0 LB 3110 & Agdpdadn
ARG A R Bl 2 S i 5 A ANt AR R S F
¢

AR N BER LT R s R RN RIS A S R L
AE R A A U Bl TR R R b e d i es ¥
Fo R & F R4 ALUE Zi2 PR b o

AIlS distribution
DataTime: from 2019-08-30 to 2019-09-03

] ; il = 7
V 77 4 A X
24.6°N 24.6°N
—
=
o
@
24.4°N| 2a.4°N
=] b
3
4
-
©
o |
24.2°N 24.2°N
- Fishing(30) . - Cargo(60-69)
24.6°N ~124.6°N
)’
-~
= 55 7
S AR T
24.4°N |~ LIS 3 it 24.4°N
s T B
= { e N =]-
£ _ g o
5 L A 7
24.2°N T L5 /‘ 24.2°N
: Other
= Passenger(60-69)
= Tanker{80-89) e HSC(40-49)
120.2°E  120.4°E  120.6°E  120° 120.2°E  120.4°E  120.6°E
Longitude(°E) Longitude(°E)

B 3.01 2 g dsdas 7 9n0 i
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+ The mean ship-echo-power received [P,) is given by (Fernandez et al., 2001 Shearman,
BEl P =(P GG MoL, L4 )

P, | average transmit power (W), o ship radar cross section (m?)

G, | transmit antenna gain, L (M : propagation loss due to surface wave propagation,
G, | receive antennagain, Lir = 1234 x 107 ¢ = 7397 x W0r o + 2620 x 107 ¢
h D wavelength {m], L. : all system losses (cables, connectors)

rrange (m).

+ The estimated backgroundnoise P: P, = F, kT, B

k=138 % 10%)/degk, T,= 290 K,
B = 1/CIT (CIT is the coherent integration time),
F, Is a factor that relates the thermal nolse (kTB) to the atmospheric noise level actually

observed £ - 95_27.5x Log,(finMHz)  (Barrick's report)
+ The signal to noise ratio (SNR) :
SNR (in dB) = 10 Logq (P/P,).

This is far the figure of merit for radar performance. It drives the estimation of other
performance metrics, such as probability of detection P, and false alarm rate FAR

R AT

Higher noise [in & hours)
. )

I‘ 1 -5
] x ' l ' i

28 Mz i e

Background nolse (Site : hten, D

The white lines

4 show missing data
T during midnight, =
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g fimed.

E i3]

=

The red box is
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a e
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Comparison of Significant Wave height Estimation

LERA &AL a=bra b =08 ! [~ ¥is (easing e |
f = .95, RMSE = 0.27, 51 = 0.4, BIAS = 0.14% |

r= 05

T, RMiZE = 0U14, 51 =0.101, BIAS = (.42

= Ha Jmagel L malsmd]| |

a= .85 b =022 m——

[Case 1)
“ i i i i ; i
Jom 28 Jan 25 Jan 2% Jan &7 Jan 2 oo 28 Jan 30 Jan ¥
201%
LERA & AWAC: a = 067 b = 0.E1 [ [ Wi |Esting eothc] |
gl = 0.78 RMSE = 0.31, 51 = 0.185, BIAS = -0.08 = He|imagalol malsnd) |
= OTE b= 047 = 1
&= 076, b= 0.47 Tis AL
4k f =081 RMSE = 0,22, 51 =0.,131, BIAS = -[LO87 J +
E3
1
I

ik

(Case 2]

Under winter

maonsoon condition and
simple  current, error
indexes of Hs from new
method are slightly
lower than those of Hs
from the  existing

o 1 1 1 L method,
Fab 25 Fab2¥  Marii Mark  Mar05 Whar 07 Mardd  Fdar 10
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Comparison of Significant Wave height Estimation

LERA & AWAC: a = 04T, H'= 0582
| =091, RM3E = 0.45, 51 = 0,365, BIATS = 0,138
a= 068, b= 031

| =094, RM3E = 0.32, 5] = 0.242, BIAS = 0U0B5

= [He |Exisfing masthad |
= He [imagaF{L mel
— [ AR

Apr 07 Apri2 Apr 1T

2019

Mlar 23 Fdar 28 e 02

LERA & AWAC: 8 = 0.7, b'= 0.6
L r=d{L588 RMSE = (.44, 51 = 0281, BlAS = 0,38

= Ha (Exduing meeiod

=075 b =52 Ha [AWAC]
4l r={0.09, RMSE = (.43, 21 = 0247, BIAS = -0.342
£, T.C. DANAS
'I-J-" : Periods with variable

*
- surface current

& Ha (rageF oL midhad)

+ Under the condition of
highly variable surface
current, uncertainty of Hs
fram new method are better
than those of Hs from the
existing method, in term of
BFFOF indexes.

Jul 18
2019

Jul 08 Jul 13

Comparison of Significant Wave height Estimation

T

LERA & AVWAC: a =049, b=0.73
r=0.69, RMSE = 0.48, 5 = 0.355, BIAS = 0.218

5 -
a =06, b= 056
L 7=081 RMSE = 0.4, S = 0.303, BIAS = 0.17
Es
o
I

([Case 5)

T

1
* Hs {Existing mathad)
Hs {ImagaFdL method) |
Hs {AWAL)

The influence of 7
radic interference

Aug 29
2019

0
Aug 23 Aug 25 Aug 27

Aug 31
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The Error Indexes of Hs

4.7

4.6

4.5

Latitude [*M)
2
=

B

4.2

24.1
W

1201 1202 1203 1204
Langltude [“E]

THE ERROR INDEX OF
SIGNIFICANT WAVE HEIGHT

ol Error | Existing | ImageFOL G::TIH
08 Tndex method | method 2015
a7 0.55 0.69 0.87
r ~095 | ~0.97 ~0.93
Q.6
0.27 0.18 0.36
los |RMSEI®)| g49 | ~043 | ~0.52
0.140 0.101
147
{04 5! 0365 | ~0303 | OF
. | BIAS | 0380 | 0279 | -0.106
(m] | ~0.148 | ~0.127 | ~0.208
0z | 0.47 0.60
y P& | ~p78 | -0.85
tercet | 025 0.22
3 Nigrcep ~0.73 ~0.56
12085 1208

Comparison of Mean Period

+ The estimated results of
period  is  well agresment
with those of in-situ data
recaorded by an AWAC,

+ There is & slightly shift
value between estimated
TmOl and Tm02. Based on
the comparison result, the
error indexes of TmOZ is
reduced,

T T T T
LERA & AWAC: 8 =078, b=1.27
pf r=0.A7, RMSE =032, 5 = 0.045, BlAS = 287

A=0ES k=183
r= EG, KMSE = 0.2, 5

-l
T

= LGS, Bl = 00218

Tm {sec)

Al
[Case 1)
Jfl'l.?ﬂ :

Jan I7 Jan 232 Jam 29 Jan 30
2014

Jan 2% Jain 26 Jan 31

T T
= Tl (Rwrick, 1677}
r T

— Tt (&iAA

T T T
LERA & AWAC: a =67, b =164
af r=0.688 RMEE = 0.31, 5| = 0.068, BIAS = -0.128

a=059 b=177

r=dLEE, RMSE = U3, Sl = 00080, Blas = 0033

Tm (=)

i [Case Eil

i 1 1 1
Whar 03 har 015 Mar OF Wi T3
2019

2 L
Fads 25 Fab 27 har O har 11
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Comparison of Mean Period

I:l ¥ T T T T X T
LERAE AWAT a=04 b=1 = Tl Rarick, 1077
= Treild
- = bl - -
8F =072, AMSE = 0.81, 81 = 0.156, BIAS = 0.566 e
Tk a=03T, b= 285 ]
r= [0 S, RMSE = 04, 51 = 0,164, BlAS = -0°354

+ The mean period, which s 5 . . . . L 1

Mar 33 MarJ8 Mar2l A 01 Agc 0 Apd 07 Apr D Apr13 ApR1E A 19
lower than 3.5 secs, was not ' ' s g

estimated from HF radar sea- o . . - :
|’I LERA & aWWAC: &= DE2, b= 281 = Tmd [Bamick, 1577]
Brma, - r= D7, AMSE = 1.6, 51 = 0,153, BIAS =-1.477 * Twm .
— (AN
+ The estimation results of | a=0.58, b =2.71 s
mean pEI"IDd iz sensitive W'T_h r=0.08, AKSE =138, 5l = 157, Bl&AS = -1 215

the range of Ocean wave
frequencies. It also indicated
that the range of ocean
frequencies should be carefully
selected before processing data.

:'!__
., [Case 4)

Jul o JullE MO JulE o Jui it s 13 Jul1h JulIF Al 1m0 Jul 21
201%

The Error Indexes of Tm

1 THE ERROR INDEX OF
MEAN PERIOD
24.7 -
. Tmo1
24 6 08 U Barrick,)  Tmo2
Tmdex 1977)
15
245 0.68~
_ 0.69~ 0.86
z 08 r 0.87
z rmse(s) | O>) | p23~0.80
E o4 4 0.5 ~0.91 N .
5 0 . 0.045 0.053
243 ~0,156 | ~0.164
0.3 0556 | -0.354
BIAS (s) ~0128 | ~0.093
242 0.z
Slope | 0.40.78 | 0.37-0.65
0.1
241 intercept | 1.27-3.0| 1.63~2.28
1]

12001 1202 1203 1204 1205 1208
Longitude [“E]
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Mean Background noise The Standard deviation of Background noise
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. 5 &t Adaptive Dretection method Adaptive Ship Detection method
45 B 61 75 7 2L (Chuang et al. 2015) (Devonkovskaya and Robling 2004)

Doppler-Eange Spectra
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Adaptive Detection method

44 Chuang et al (2015) » 4% % 93 & LS A — Bﬁ % ¥ F 39(2D moving
average) * AT I o R M 45 8 R 39 2 336 0 KA AR LR (Residual
signal) » = 3§89 F34 20 X 2o F A7 ¢
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Adaptive Ship Detection method

4~ # Kendall et al.(1967) $i2Dzvonkovskaya et al.(2006 ~ 2007 ~ 2010) »

sy

EBAABHANTIRAAN G -PE S0 T OHHE £ B X MM -

EL R R R A Tl

T'=max{7T _.,T

«R*"aD }

I.at 38 & 3% P & 4% ©) 3% (Curvilinear regression) 2 15 #{ £ (& (Upper
confidence boundvalue)100(1-a)%
Lo: B ER SR EH 25 ERE100(1-0)%

Lo R P A 205005
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The percentage of Detection in 2km range cells
The angleis in the range of -25* ~ 25° (have good signal to noise ratio)
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Percentage of Detection (%)

The percentage of Detection in 2km range cells
The angle iz in the range of -25° ~ 257 (have good signal to nolse ratio)
The data was callect in two days [Aug 23~ Aug 31, 2019)
The total of objects is 3013 points
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The percentage of Detection in term of Ship's length
The angle is in the range of -25° ~ 257 (have good signal to nolse ratio)
The datawas collectin two days (Aug 23~ Aug 31, 2019)
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