FRILT ¢ |7
h@AWME

KBt SAEH 5 1 T M7k h S R R R BN TSR T 5%

Z o, Kk K

(1. WL R2: WA BE, Wi SRl 3160215 2. B R UMyE K2t W EERl %5 TR ~#B, L9 A 210023;
3. MRITIE K VT s B B IR T & SR EMRIAE .0, 90 B§at 210023)

BE: AR AEREATAEMENFT ASHRRARA AR KAKNY B, KT AR FHLE =)
M atrous R E A A HBMAKRRABLE SN T, AT o8 asahRBKAL., B Sobel AT
Log -, Canny B TR KAZRLERFRFTERRYKAKLERBITE M B, XK,
RGBT AH RERKIEAREMFEA TEI TR TRE, ik ANRIOKRALK. AT EHF LR
RKIEA AN S TOKAKOFRIREAAEGENR, At —FHEERFAXE TR LA, XETH

AT o hFaW T

KERIR: KA FAEM; a trous IR E e, B3 RARIK; KA ZRIRIEAK

FESZES: P733 XHAFRIRED: A
DOI: 10.11759/hykx20190123003

0 R W 49 DA ) A R B R AR
I MY, R LA T, R SR A i i
2. BUR ShAEATRE . ATHEASME . iR
PR 8 0 o R o 0 R K 30 £ R A T 0 i SRR Y
Bl 1 i i 5 SR, P T I R e TS R A T
MR E R, SRR RN AP R —

UL 7K R LR BRI AR AR B Y S5k
M ED | BBz mmxt gk, 1
AR L, TR B E th TR R 1 AL -
Mo IE R PRV Y RE IR, B K UMRFAE DA /] |
WSRO S L, A EARBOE B R . AHSCHEIER
U0 N R R A SR G0 2%, A b 30
SRE PRI, RT RATE LRAIE G 0 5 20 15 SR IBORS 21
DU TRy HuAM RS o O SCER H—FR2E T & trous /]y
Wi 18 I B A B4R UM 25 & 8907 ik, R
TP IR A 2 o X AR R AT DR IE 2 N
Br, SOl T N TS BELAY AN 2, R K il
FRMIAC T, wT LA ShiE AT R0 RS A ZAe,
PREAERG R BUKIL L, Sy HABSEAL R K e b &
1 R UNRAE DA B | K il i SRR 25 4 T 1Y
JK 2k AR I ) R figp DR AR L 2

1 FRARE5HE

1.1 AR XL
ARSCHITE TR X IRV (1), BV T E

X EHE: 1000-3096(2019)10-0106-07

AR O AR, RVT I R U, AR O R
W Z ) VI B, PO R AR, AL
=P OKGE, RO A N AR T T3
RIZW BTN AP TR T S ORI U VbR T, A
B b I e I e, — HLBOR RS &4, AR S
Uik, KA TRIPIRES TR b K B
IKEEAIYE], AR SR B 5 Ko b R B AR
URCRENEDES) SUSUR N1

1.2 #FERR

AR S AR A AR B TR 2014 4F 5 ) 8 H,
BT/ — 5 DA, G S0 T 5t 5t
v Y T R R T XA B R Ah TR (121°29'~
122°30" E, 31°53'~32°09' N)., It 548 4 (000 PR
2m, ZICTENPER 8 m, L4544 BE, GV
0.45 um ) 0.9 pm, A5 FR N WGS84, HbEIHFE W&
LE 5 Geographic Lat/Lon, K[l 5143 F0H
AT — 2 i LR (8 1)

Wk H 39: 2019-01-23; & [l H 38: 2019-04-01

BaWH: HEARPAEGTH (41771447)

[Foundation: National Natural Science Foundation of China, No.
41771447)]

FEH A B 8(1990-), %, WHALKEK DA, Mid, EEHTEIr R
W VX8 O VR FR B 5 5 B, E-mail: 2351317346@qq.com; 3K &
(1975-), EEEHR, B, WhmBE A, REE, M+, FEFREHFN
W T B 8 SOV T, B-mail: zhangdong@njnu.edu.cn

106 TETERLF /2019 4F /2 43 45/ 45 10 3]



Bt

.MmAmmf

121°18'30" 121°28'

N
32°20"F

32°15'F

32°10'F

32°5'+

121°37'30" 121°47'E

N

A

B 1
Fig. 1

2 MR FEHEEIRE
21 BRI *%

KCRIIET & trous NS F1 3 BRI
RO £ 7k, SO ek 2
2.1.1 A trous /NE4HE

AT BB E S8 2, SRR Y
4. BT & trous MIERI ML (BRI QKL
B Co(h), ZERERIEBREL (o) VB FFE
B4 (Cy (D)), B {Colh)-C(k 8 80 R P 9 0 40
W B O, M E R R K I (5 .

Equbgﬂﬂuﬂtfﬁ, (1)
Vo B AT TS BUE B (U, FOA St

cwm:imgq4@+y”y, ()
1

RO FAMGEIE L BT, AR R, &%
EYo

3(3)-Zhwste-n, ®)
CENT
W, (k) ={Ca (k) ={C; (R} “)

I /1N PRI SE SR

W IX B4
Study area
1 (x 1 ,(x
E¢(EJ—¢(X)—E¢(E)a Q)
A trous NI AR AR
p
Co(k)=C,+> w;(k), (6)
j=1

A trous 755 i FI AL (4 D8 Uk 2% 23 Wt 2 RUBE (1
AR B R R 46, AN TS B A, AT
BE, THEUASERESHEGEE S IE,
2 X EMRr f FER SR MR ey an s, SRR
RIS S, FEalA B s s B s s 4y, nl
IRBNK LA H 1Yo
2.1.2  HENLEER B 3hiRE

H 3 B (L6 € 76 Matlab H 2 FESCEt, @id 3T
SN Gy A BB — 2 I BRI RURE AR, AT AR
FKABAGI o 5 Jag 308 DX 35 A 198 e R A S XoF o 1 7N U5
RBCAALE, LA s 0 i/ N R EOR T 0 EAIFR,
A JBE b SR — S BN IR T R A (R B 5, e
RN ER p(x, y)-

2.1.3 HREEL

ASCRHMET a trous /NSRS A 1E N R(E
A 2 B S5 & 1 5 A K BRSO 2578 T 2 BUK 8
2, RN R SR ECAS SR LU R ARG BE B E, HL
AR 2.

Marine Sciences / Vol. 43, No. 10 /2019 107



IKIDEAEI |

| g

a trous /NIE
( J

Pl
| | ! | BB
Sobel ¥ Log 57 | | Canny 57 | |atrous HBIEfAIL | < SP)E7ile
K | | kanZeiem | | sz | | Ak
—fif s
e || gemsme || e | | s |

| eBnnE

K2 K2R A H 2k

Fig. 2 Waterline extraction technology route

2.2 AW ERILFE

1) EG L

VEBEMRJZ IR j=4, TE Matlab ) 5 EE AT a
trous /NI AR ¥ I 23 BER AT . A5 SRS =5 00
FIE, 5 R BCEMG IRa(5E 2., Of B R i 8o
e B, REER AR H .

2) MEAEAIBEE T

FRAE a trous /NI AR BRI T 2 2 00 (5 2,
SR /NI AR 45 J2 B ARE Wslf(x,y) F Wszf(x,y) , 1T
B — R R /N AR BB M f (x,p) RIS 7
] A f(x,y), WA s /2 3] n/2,

2
ALﬂ&ﬂZ‘ZMVUJ)J<]<4, (7)
i

-n/2<s<m/2,

me} ®

A f(x,y) arCtgl:WSxf(X, 5

3) AR K AE A I

ez 56 A 5 T 1] P JR) 50 DX 3k B AR R AL, i AR Y
Bl /2 3| m/2 Z 08, #F47 R AR KAER I . W5
FEEER) 44 T7 ), FERCR SR A Z R A, 4 i
KEBART N~ RN SR o {4,
YE AR S SR, 153 BE I % EUR p(x, »)o

4) A& N R B 3hit e

TEFTRERL S KR p(x, y), K ASTE) i Al
BUNER o TRl SR 2 it Ak A RGN AL bR VR h o

108

KAE A /IME, BT Ny, FERTE Ny,
G BEA SRR A, TR I, X ME
H 35 S AR/ IN B N ) A R R T 45 T 1
8, i, AT o [EAIFR.

5) K ik £ A

AR Z R i 2 R Rl & Jf 5 i, SE8ix)
TR 2R RN
3 HRERIN
30 ARXDEEHEZ REARLE RS

FIH a trous H 8 R{E45 A 73, 1E Matlab H45
T, LRI EIGOK I il Zx R R, 25 SR anf&l 3 fr
Roe — _ZREMRBE/N, $EHRE KN4,
WriESE, A HER, WMASE/ (A 3a, &l 3b), —IU)E
R RUBE R, K I 2R Fe B G I 22, (HKILE A )
Rli— M sl, #orE B Z R (& 3c, Kl 3d).

T 22 AN A ROBE - I RCR B 2, KR o 8 4
AR ) DS, = e Ay, TR 2
Wy, KR EE RARK2ES, fFifF—L Bk
MR 4). WK 4 FToR, KR AE— Z R
T, HAE SR A, 1R TR A A SO T ) R R SR
AN AR, RS TR HOS AR, TE RN, &
R B EUS B RRIE . 2 A B /K 01 28 BE 9 T T
HRE I oA, R . HAE =2 R DN A T 2 A D B
KA L B — 2, KB W 2 (5 B AT
AR B EG, KA, A RBRIE .

TETERLF /2019 4F /2 43 45/ 45 10 3]



Bt

) H@ART/CLE

a — R R b AL

R AR

B3 Atrous [ BBIE LS A IA K255
Fig. 3 Detection result of a trous automatic threshold combination

a —JZRE, R

b ISR

RIS

B4 A& SR B v a] i 3 e o

Fig. 4 Middle meandering part of detection result

32 PEREBERHAEMEFRIREEREZ SN ARSI T A PSOR, XA SRS

X P 2 7R B HEAT S0
K S B O TS L 7E X A H T ER L g B At i £ w, B

MG EATHL 2 J5, WA BIR ] Sobel &7,  SWRIAGIUIRAYE, T RUAS SO BB 1] o0 2547 E A
Log 57, Canny 57X FIG AT L A5 I (15 5), i FLER, MR AR HEA T ORI AL BEES R AN 6 FTm .

Marine Sciences / Vol. 43, No. 10 /2019 109



Bt

a Sobel &+

¢ Canny BF

) H@ART/CLE

d NP TR

K5 255 ab HA

Fig. 5 Classic operator processing result

B a Sobel EF |

R ¢ Canny 51

2.

Ko =S ek 45

Fig. 6

HilE 6 F i, Sobel 557 H Ui K 1 £ W Wy 2 252
IR, X R Sobel J&—AN B BT — B
R R DB T, H Sobel 5B AT A 1Y
BE L 0e A BRI . (B4 Log B RAT L
X R pR B, A 1 [ M R A, XA [ T
(R A I S AN AR Canny 527 31 254G ) i B
KT Log BF, B@TR¥FHEERSNITE, H
Canny 575 Zy U ME s BR H N i B L FE K i ih SR,
B 2 2 E R, Canny B8 /K 1 £ G sk SR+
I ANEAE (K 6), HiFR Sobel 146 i 2% H 5 A% SR
R a trous H ZBIESS AL MR RCRAR T, H
Sobel HF13 B /KL, XZEK K Sobel
BAFTERBRME S A R, B0 i AR R T

Intermediate result of three classic operators

K, HEREEER LM B IE KRR TR, R AR
WP A o HROAS SCRRVR AN 1) AR K R 5 SR S BEAE

33 IEARBRERH A TRIRERT
BT AT
Xof 7R 300 2k i s R PRI AT 301 2 35 W E (image
edge definition, IED)K:ill, TED ik, %% B,
IED HAAXWT, Hh P, j)Zom EUR AR N3, j)
AR, N, M OGS I PG B A 1 R 1) 450):

> (i)
IED = 10251 , 9
(V=21 -2) ©)

110 TEEERIA /2019 45/ 55 43 5% /55 10 4



Bt

IED 545 %W, Sobel T4 37.254 3, Log
.k 28.775 2, Canny 5.FK 27.265 7, & trous H 5
[ (E 45 A1k ok 38.997 4, i@ ad &5, &M a trous
H 2 150 18 45 G 2k 32 Y 7K 30 4 30 2% 5 W R ERO(E LE
Sobel F . Log ¥ . Canny 5 T HE B4, R A
WEW RS, IEHR A trous H 3 R{E %S &
U e AR

4 Zi

1) KBEEEIAMT, SRAIET a trous /NE BREL
T N R A SR U &5 A A0 1 0 i o i AR
T2 20, BEAS MG SRS, A T3k
HUEMG R 405 R0, IF HLBE SR 1 R B 5 B (E 7 ok
MIANHR PR 25, vl AP i w e UK 4k, B
— WA

2) SEEGEE R I ASOr LRI K T 4 45
BT TE O B T e b, W A B3 47
W B2 i AR AR T L, ¥R T Sobel ¥ . Canny 5.
FH Log BF LR AEEE, FRWHM LT LY
FLAZEARL K VDt i . KV RAAE X AN BH S
K i 120 SRR 25 AR T 149 7K 300 4 8 BT W 114 (1] S8 ) i
PRIy et S

S Z ik

[1] Wang Baocan, Huang Yangsong. Coastal Dynamic Geo-
morphoLogy[M]. Shanghai: East China Normal Univer-
sity Press, 1989: 217-236.

[2] SRR T /N B B I e ) W UK 1 £k 4 K [D).
i ARARITIE R, 2008.

Zhang Ming. Waterline extraction of muddy tidal flats
based on wavelet methods[D]. Shanghai: East China
Normal University, 2008.

[31 H7zE, &M, R4, % 1984-2012 4RMGEM L
JF RN 2 BB FE (D). R, 2016, 40(6): 95-99.
Chao Zihao, Gao Yibo, Xie Hongquan, et al. Study of
temporal and spatial evolutions of coastline of the Hai-
zhou Bay from 1984 to 2012[J]. Marine Sciences, 2016,
40(6): 95-99.

[4] B, IMEE, D%, % U1 10 FRRIGE R L
i 23 AR AR AT HT (], HEFEREE, 2017, 41(2): 20-27.
Yang Lei, Sun Weifu, Ma Yi, et al. Remote sensing
analyses of the spatial and temporal changes in Zhuhai
shoreline[J]. Marine Sciences, 2017, 41(2): 20-27.

[5] FERZE. JE 208 A TS [)]. i
JRENZS, 2009, 25(4): 13-17.

Zhuang Cuirong. Remote sensing dynamic monitoring
of Xiamen coastline[J]. Marine Geology Letters, 2009,

) H@ART/CLE

25(4): 13-17.

[6] SRIGEWE, KSE &, fFd, 5. ETHPESYH

GIS ERR AL A, FEARPLL, 2011(5):
59-62.
Zhang Xiaoxian, Zheng Guoxun, Fu Haohai, et al. Map
vector processing techniques based on mathematical
morphology in GIS[J]. Chinese Agricultural Mechani-
zation, 2011(5): 59-62.

[7] Sebari L, He D. Automatic fuzzy object-based analysis
of VHSR images for urban objects extraction[J]. ISPRS
Journal of Photogrammetry and Remote Sensing, 2013,
79: 171-184.

81 XI/INE, &4k, BUH. BT /N2 00 PR iy R
NGHKIBFFE[I]. B0F TR, 2015, 18(7): 55-56.
Liu Xiaoyu, Nie Wei, Wei Hao. Research of image edge
detection based on wavelet multi-resolution analysis[J].
Software Engineer, 2015, 18(7): 55-56.

[9] Mallat S, Zhong S. Characterization of Signal from
Multiscale Edges[J]. IEEE Trans Pattern Anal Machine
Intellengence, 1992, 14(7): 710-732.

[10] #hie, #K K. FET/NEZ PR SO TR
P TAME AR DL )], R, 2011, 35(7): 67-69.
Han Zhen, Guo Yongfei. Waterside line information of
tidal flat at the Yangtze River Estuary by wavelet multi-
resolution analysis[J]. Marine Sciences, 2011, 35(7):
67-69.

[11] Z77%, Edfe, BIUR, % 205 m/NE AR 55

B AT E L BERIERR, 2019, 31(1): 8-15.
Li Junjun, Cao Jiannong, Liao Juan, et al. High spatial
resolution remote sensing imagery edge extraction based
on multi-direction wavelet transform[J]. Remote Sensing
for Land and Resources, 2019, 31(1): 8-15.

[12] RAESR, B, XUETE. 5T %0 WD v ) e
AR ABEE[I]. 1R T2, 2016: 35(4): 19-28.

Wu Jiale, Xu Min, Liu Baiqiong. Study on tidal flat
evolution trend in the Yao Sandbank area based on re-
mote sensing[J]. Coastal Engineering, 2016: 35(4): 19-28.

[13] JalstsE, £ SCHI, SRR, S5 BEYb-18 580 b I Flx i i
IKISIEESEMAT]. KIEHE T, 2012, 33(6): 461-468.
Zhou Tingting, Wang Yigang, Huang Huiming, et al.
Impact of Yaosha-Lengjiasha reclamation project on
circumstance of hydrodynamic conditions[J]. Journal of
Waterway and Harbor, 2012, 33(6): 461-468.

[14] #MH, 2k, WiEx, 5. ETWis LoG BFiE
BIGRITIEAE InGaAs TG 2L v (4 1z I [T].
LIAMEAR, 2016, 38(8): 670-675.
Ge Peng, Li Long, Pan Zhiyun, et al. Image enhance-
ment method based on modified Log operator in the
application of InGaAs wide spectrum infrared device[J].
Infrared Technology, 2016, 38(8): 670-675.

[15] 2540, 270k, WIFME. LT axra)/ Ny RIS 2%

Marine Sciences / Vol. 43, No. 10 /2019 111



Fanx - Jim
> ARTICLE
KBk 0], 224, 2012, 12: 2451-2455. algorithm based on omni-directional wavelet trans-
Li Zhetao, Li Renfa, Xie Jingxiong. An edge detection form[J]. Acta Electronica Sinica, 2012, 12: 2451-2455.

Research on accurate extraction of waterline under condi-
tions of blurred water-land boundary

LUO Min', ZHANG Dong?*®

(1. Ocean College, Zhejiang University, Zhoushan 316021, China; 2. College of Marine Science and
Engineering, Nanjing Normal University, Nanjing 210023, China; 3. Jiangsu Center for Collaborative
Innovation in Geographical Information Resource Development and Application, Nanjing Normal University,
Nanjing 210023, China)

Received: Jan. 23, 2019
Key words: blurred land-water boundary; a trous wavelet transform; automatic threshold extraction; waterline extraction
technology

Abstract: To automatically extract the waterline of muddy coasts under the ambiguous condition of land and water
boundary, an algorithm that combines a trous spline binary wavelet transform with automatic threshold acquisition
is tested in this study. Binary wavelet decomposition is first processed in a high-resolution image, and then the
wavelet coefficients are detected based on the modulus maxima value. Next, the threshold is automatically deter-
mined based on the adaptive threshold method. At last, the waterline is extracted. Qualitative and quantitative
comparisons are performed between the results of the Sobel operator, log operator, and Canny operator, and the
results of the waterline extracted using this method. Results show that the method can effectively remove the noise
in high-resolution images under the condition of blurred land—water boundary and quickly and automatically extract

the waterline, thereby showing superiority over other methods.
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