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Automatic Extraction of Algae Aquaculture Area
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Abstract: An optimized algorithm ( GA-Otsu) for automated extraction of algae aquaculture area is pro-
posed for the problems of under- and over-segmentation, large computation and low operational efficiency of the
traditional Otsu algorithm in the process of automated extraction of algae aquaculture area distribution informa-
tion. The algorithm introduces intra-class variance on the basis of maximum between-class variance. It jointly

participates in threshold selection to improve the accuracy of algae threshold selection. And the genetic algo-
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rithm is used to replace the traversal method to quickly search for the optimal solution to achieve accurate, fast
and automatic extraction of algae aquaculture area distribution information. In this paper, Sansha Bay is select-
ed as the study area, and two remote sensing images( Sentinel-2 MSI and GF-2) with different spatial resolu-
tions in the same period are used comprehensively. Based on the spectral features and sensitive band analysis
of the images. An algal spectral index( ASI) was constructed using a ratio operation, and an optimized Otsu al-
gorithm( GA-Otsu) was applied to automate the extraction of algal aquaculture areas. The algorithm is applied
to Sentinel-2 MSI images, with an overall accuracy improvement of 4. 74% and a Kappa coefficient improve-
ment of 0. 14. On GF-2 images, the effect is more obvious, with an overall accuracy improvement of about 10%
and a Kappa coefficient improvement of 0. 18. The experimental results show that the algorithm is not influ-
enced by the differences caused by limited sensors. It still has certain universality for different data sources. In
addition, the algorithm has significantly reduced the amount of operations and the time efficiency is increased
by 85% . It has high usability and practical application value.

Keywords: algae aquaculture area; automatic extraction; Otsu algorithm; genetic algorithm; threshold opti-

mization; algal spectral index( ASI);

0 38

AR, TV BRI A S, BERFRFH T AN R, TN KRR AW, (R
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B . DLaRe ) 2Kk . M xR a3E, DI TSI HEAR IR Wik, £
R R vk o B T 3 2 SR X A B BB R 0 R R A B 2 X 4 B AR T DL AR A b
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RESRE S = Rk

ASCUA =0T R SE X, Z5-G R R AN [F] 2 (8] 43 BER i 8 B A2 808 (Sentinel-2 MSI 5 GF-
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1 MHEERE
1.1 FFRMH
11,1 BFSRIXHEN

ZYPEE A TAR A RIS (26°30'N—26°58'N, 119°26'E—120°10'E) , HiAbE5H . &%,
T, BRI AR R AL S N JE TG R R KU, AERR 17 ~ 19 €, AREIKIR
2920.3 °C, F¥EREL 27, EHAEN ., B, BREW. A5 ST, R DS, 2
AT B ARG W R IR E E R E A RIS 2 — KR AT, B 714 km®, 2
WEFAN IO FR M 7 UG BRI K A A | SRR, SRR
FRAE, WHRFETERCA RS b, g8 DIRIfR i AR RIEVEER (DIAKH 0.5 m Z247), B4 W i [
T, —HRARBAITHEA — RN A BRI TRAL, S TR A AR A A AN HES ), Tk
S PR ORI Y S R AU AR AN 1 AR, 7E Sentinel-2A Fll GF-2 $41% b R IR
o, BCHES R, TRARFIN, KRR A, WA R A6, 2RESM, PREESN,

a) SCH I A Field picture

b) 1B 1% Remote sensing image
B REEEREME
Fig. 1 Image of floating raft algae cultivation
112 s

Sentinel-2 TLA i Sentinel-2A Fll Sentinel-2B Pl LA ZH AL, Sentinel-2A F 2015 4% 6 H T A) &K 47,
IFF 2015 4F 12 HFERRIM=S[8] )55 ( Multi-Spectral European Space Agency) My it 6 28 8 b= %
DBRFBEZCEZARL, MRS 13 Mk, HEAZUREERFESHE R MR 1 Pix,
Sentinel-2 TLE GRS W R A —, N TR ISR ARG, 75 2R AN [ 20 B R il BL
HRHRFE B AR 7P HER 10 m,

= (GF2) BEZEREA EVANE PSRRI T 1| m WRADEFEETE, 5
HWERESPERIAEL, 7300000 1 m 264 m 206500, BA KRGS R R, R DREBA
5B, FESEFEEMR 2 PR,

SN RIS R B 11 HBENRAE 4 H, 0 5—6 H NI IGEI AT . T SRR
HBERAR I N IR, —MAE 5 A AT EATICH] . S 17 S G b S 303 2A 7 A DX 1
ABFFEARYE B FRI AR A i, RO AR KRB B I ] (— el 3—4 H) #FF73Ess
X HRHL, 482019 4E3 A 30 51 Sentinel 2A Fl GF-2 $41%, HEHUMAER N 10 m 14 m 9% (A
RARIE) GF2 AP B 1 m 73 FERBE, WOCER EURREG 9 1 m 33 EAT 8 2R R0l X A {5
BPRSIE T 2019 4E 3 Aiymr 5@ A e, (U 2 i, Tk B IEE S B =
USRI, O RBTEA R LI = YIS R IX A LAY X (5 Sentinel -2 515K Ui
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BIMFFEIX—20) REAERIER Al TP, A SR AR AT Ebr . RABOEAETARH ;21T
FEXHIBERFRFEIX IR, ), BRI XN TR AL A A B A, 1T e IR X SR IBURT JEE 1

Bk N 2 FRAE X ARG,
F 1 Sentinel2 BB EHXEHRBETESHER

Tab.1 Sentinel-2 image multi-spectral band main parameter information

Sentinel-2 A Sentinel-2B
] N . . I 23 [] 73 A
BB OB EER POBK  CEER gl el
patial resolution
Band name Center wave Half-width Center wave Half-width /m
length/nm /nm length/nm /nm
Band1-Coastal aerosol 496.6 98 492.1 98 60
Band2-Blue 560.0 45 559.0 46 10
Band3-Green 664.5 38 665.0 39 10
Band4-Red 835.1 145 833.0 133 10
Band5- Vegeation Red Ede 703.9 19 703.8 75 20
Band6- Vegeation Red Ede 740.2 18 739.1 18 20
Band7- Vegeation Red Ede 782.5 28 779.7 28 20
Band8-NIR 86.8 33 864.0 32 10
Band8 A-Vegeation Red Ede 1613.7 143 1610.4 141 20
Band9-Water vapour 2202.4 242 2185.7 238 60
Band10- SWIR-Cirrus 443.9 27 442.3 45 60
Band11- SWIR 945.0 26 943.2 27 20
Band12-SWIR 1373.5 75 1376.9 76 20
K2 CFR2RBEESRERRTESHER
Tab.2 GF-2 image multi-spectral band main parameter information
ﬁﬁf Load /BZE%% Band number /BZE%T’E‘:@ Band range/ jum {EZE%@% Band name 7= IEJ ﬁ;ﬁz};{‘ Spatial resolution/m
1 0.45—0.90 ot 2y 1
A
EOSIIIL 2 0.45—0.52 G B 4
e 3 0.52—0.59 BB G 4
-spectre ;
cam[;ra 4 0.63—0.69 217"6()5’25& R 4
5 0.77—0.89 UTLLAMEEBE NIR 4

1.2 FiE

WRFX AR FE =20 1) Goit S50 ie s e Rl Mmoo
T840 (algal spectral index, ASI); T2 P BOGIERME BSOS BN E WG BIME, FEAT 3R
DA — AR I, BRI S5O0 R SE SR UGS IR, 2) FEde R E T Z Ak |, 51 AZK
W22, SEFZS S BIEER, JPR s T B ERE G e, 5k, RIS X P i Y i
FIH GA-Otsu FIEHATEAEFRIA X H
iR, IS5 Osu 51 1 52
BRI LT, BRIk B A R
MAER T, 3) ¥R Osu 5712k
(GA-Otsu) iz 1 2 = k5K X,
SEPEE TR IX IR AR B B s iR
B, BAREARBEZANE 2 Fis
1.2.1 GRS e 54850 i

ARSCHE ) o 40 oo 0 B R A 4 R
BT A BEPLR SR, SRR
FARAR, PR AR b R e e TS =
Sentinel 2A Fl GF-2 38 BG% 1% _FARBCR 2 HABKHE
FESEIE(E, TERhEL 30 P AKARFE A Fig.2 Technology road map
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R 30 NFEREA R 60 DESEHEA S DOGEESET, FEAS ST ANE] 3a iR, DA HLIREA B0
TR IE bR, ARSI B OB E Aty 2Dt s R & & 3b | ¢ iR,

M 3b AT LA, BRI B S 38 A il 13 R ) BRI, HL B A 38 iz i K
TERLIELLAMBL (Sentinel-2 19 B11, BI12) iKFIHAR, JUP7E 2RI, BERTEEBGAR F 2 IR
BHEIEAH, GRS —, WA SEETESIEBOGIEFE2ZE R, JUHIETE Sentinel-2 (19 B11 I Bt i
FR, SESEILFREIAR IG5 5EERIXr, BRTESOGIEL (Sentinel-2 1Y B3) ST
TR, SiKERK, BN, B4 ~B12 I B, KRS EERZMBGIERMER IAHLL, nfeirer
S Bt (Sentinel-2 Y B8) S AT, WK FWAKILEAR 4, #RI GO, 25w/, W
FELE GF2 SUARAHN 2T, S, W S 204M ik By, SRS M4 | /KR BLA S RLAY O 1 R E A8 Ak 9
(W 3c) . BERAEGOLIE (G) bR REm®, IR /MER (NIR) Sk R mss, Kk,
h YR B R 2SR, WIGRBESRME R, MHE S E R, FIHSOGEEL (Sentinel-2 (1)
B3. GF2 i G) . IT£LAMBE (Sentinel-2 i) B8 . GF-2 i NIR) 4%, lid s, Hasonis
F620 (algal spectral index, ASI) I = Ry/Ry. . I RBEFENIEFEE R, Ry 7031 &0 Uk B
(Sentinel-2 ) B3, GF-2 ) G) . IT£LAMEEBE (Sentinel2 1Y B8, GF-2 1 NIR) LT3R, 7RI
FRBEUR b, B2 Ry A5 B8 0 DR B ROy, 2K h e Vb4 B mE W s s, AT DA b IX 43 e 26
FEHH X 5K,

! KA o0 46 e
gg 0.12 Water Net cage Alga
<
£0.10 -
T
=0.08
Q
%0.06
£0.04 -
Z X
g #r0.02 -
g ke
S 0 © '
& Bl B2 B3 B4 B5 B6 B7 BEB8AB9 B11B12
b) Sentinel-2 MSI St 3% il 2%
Sentinel-2 sample spectral curve
_ o KE R Wk
:g % 0.16F Water Net cage Alga
g '_g 0.14}
Q TO0.12f
Eo.10}
z £0.08}
< SRERE 0.06+
RERA N =
g?] 0255 10 15 2Okm AL, Resarch area &0.04,
o
S 119°%40°0'E 119°50°0E 120°0°0'E 120°10°0'E 2'50-02 |
) HEA 1 1 0— e = NIk
Sample point distribution map ¢) B4 T i 2k

GE-2 sample spectral curve
BEl 3 A [EH S 5 A B R S i I G % ih 4k
Fig.3 Distribution map and spectral reflectance curve of different ground objects
1.2.2 Otsu FEMEAL
N A B ARSI, (A o FIROCR A, ARSCFE R (1548 Osu) FkdEml b, £5
B HARFIT SRy 22 | SN 22 &SR ZACETC e, SR TR AL, AR
RERTr 2 o) BFRIKRAN
o, = wo(uy —u)® +w (u, —u)? = wow, (uy = u)’s (D)

Hobr s w AR AR EIIEL s wo e, 50900 BERRANE 2K EIIE s w, \ w, BRI SRS,
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S M T7 22005 SCMAT, AE BARIEMT SR IENTT Z R0 0 B — W R ko ok, , EX
FNIT2 o) AN

L-1

T
a'i = kowooé +k1W10'T90'02 = 2(l _uo)zpi/wm(ﬁ = 2 (i _ul)zpi/wlako +k =1,
i=0

Horbrs og o} 000 FIARZERTE SN 225 p, WIKIESLi(0 < i< L -1) BIRESS; T oo &IBfE, 76
NI 2 W R B/ NTEIL T, BEE k, B9BEIN, BARRIZENTT 2 o, 2 BUN, WERMEBL, HRRR
R—BEdeE, A SRRITERR BRI E L HE EIR, 255X NN, 5E k =0.75,k =
0.25 ,
GA-Otsu SRk 2 7E0 2 HARFTY SR Jy 22050k, RINTr 22 /N, e St/ 0 e, SE4f 3
I3 e HAR AR 56, B ISR BA N .
G(T) = (wy(uy —u)’ +w,(u, —u)’)/(kyw,opy + kyw,07) =
wow, (uy = uy)?/ (kgwoorg + kyw,07) ,T e (0,L 1), (2)
T, = arg max{o,/0. |, (3)
Hrp, 6(T) REM Ty 22BN TT 2 AR ; T, WA IR, 24 6(T) BUSEIAAR:, X ry K
RN e
&8 Otsu Sl ki P48 R0y Oy R SR iy O 28, ARBURAR BUME, T E R, FERTHK,
eI A EIRCR DY I, ARG R F— RS S A B R R U Otsu BI(E S0k B2 P AEAE
MR, e — MRy . AN . BA SRR TR, RIS ERIEIL Otsu
S S B TE AR 25 R s SR (7)) R BNEKRW T, DAAE A SRR R4, iz
1 Otsu B35 14 42 JR A8 2R A8 ) A Ay A
I 73 U AL Bk ERPRANT
1) 52 it 07 sS ARAAL . T IEMR K EBUE L A 0 ~ 255, PRI 16 o7 — BE ] &5 %t
JREEGY VM (s,0) PEAT bR GehS, 108 ARG s, J5 8 (R/RBIME ¢, FASNZAHR L, LU
W AR AT 285 L P
2) WIAILFNRE . WIARHEA R BE 25 B HE s (4 Sk i ST ROCR S R, IRER R, W 2s
Rt et SR R, U, SR A RS2 R, AR TR R AR . A SR E )
IEFPRERLEE n =10,
3) EFRIENFERREC: R (2) VRV RE R, 3 0 R B v DU 3 7 B K L 18] 1 43
BT
4) PR ARSCHEAS MR AT R AR, E R B AR O R AR, SR RCR R,
BRAT (R I A
5) X XTGP PR B AR RE A AT W 22 SUZH S5 B —AURPRE, S8 R
SRR ASGERE . Rt SRR AR B E Y, WELS MR p, =0.9,
6) 5. RHEANMAZREAF (simple mutation) XfAMAEE KA EHFATAE S, MM 2H 4
R EEARMRp = 0.1,
7) Sk A fEMREEEE A R, 2 B AR B A B RS T R B A SR/ MEAH AR, L
AL v A5 3 (8 B S5 R 7 AR Sy dee U ki i, 1R 3HEE . AR SCH bR R 2 B BIE 2 h
0.045, 4 74 0. 045 HHE 1EEAC,

2 XWERSHH
2.1 HMEREERDH
N TRAEGRALY Otsu 1% (GA-Otsu) EMZRTRALIX S MLBRHUT SR ITTATHE , A SC2R s
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1) ] S HA AN [7] - 3 2 ) i SRS A BUHE  (Sentinel-2 MSI 5 GF-2), M = VbV HF 5 X 36 B AL K /NNy
5 km x5 km FBLAIKIR 3 A4S, SR L BIRVE . REBWKIEL, SR TEIESRHE XA E A skt
WSy, oAb, AR ABLAS BB AR R 00 7 O [R] 43 95 TR 8 B2 8 88 (Sentinel-2 F11
GF-2) = AMREME XN BRI TR B, b T R EIR 2, Ll R b H R & ik
TR AT R EALAL ] ) FF455 Google Earth [F]H ] & 70 B R SAR HEA T8 — HEXTHAIA

TE Sentinel-2 FA% IR AL WIS R BEEL 2220 45 [ GF-2 AR HER T, MUK BAb I R
$03E Sentinel-2 54570 288 1~ B R IALIE OB A T BRI X BEICAE B AR I, ARG
JENER 4 ~5 R, I 51550 Otsu S5 S ICEE SR E RS BEXT LU 20 HT . 35T Sentinel-2 S2AR MY 255 45
SULE 4, IEXF SIS BT RO s, SR RSO WL S

AR GA-Otsu FIEFULSE Otsu FIL WA 7L, X =10V 3 A SRR i) 3 2 R0 X kAT H
bR S K BT FE A —— AR B OA (overall accuracy) . Kappa %0, Im$e® . Hite
FMLEAERT , X EEE IR X IS R A TS B I TP 5 TRl oR B D 7 =Sk A 7 e PR PEA

Hi Sentinel-2 EEG R LINAE R (WK 4) FKGEE (W3k4) AL

1) FEFEFRA KRB ANE B b, ASCR I GA-Otsu BE i TAESE Otsu Bk, £ 4 hAEE
TEARZ Ry | B BR B K SR B2 23 501 R 92.59% | 93.50% | 87.19% , A5 Otsu 53k 457
BEE T 2.45% | 7.16% . 4.62% .

2) &4t Osu FIEAEFEBUNR T RET, FAEBRZMICIGT0, A IAAN A B2 it
1%ot, ERFEE, M GA-Otsu LRGSR I ORI/ N SR BUHE R, 7E45 SRR S0 N R T R R 4 15
PR, B 4 TR, GA-Otsu FIETEARL S | B LR B KB B2 5000 X ) e R Lol
4t Otsu B0 5/ 22. 64% | 26.23% . 21% .

3) GA-Otsu FILAEME e UL BUE RS R B T S5m0 SRR J1, BArpfee e, A 3Ubk e 715
4t Otsu 53k A hif g B E S BT R R R, FERHR A, B> O IFERT MESE Otsu SIK 2 s
[ GA-Otsu B ¥EM 0.3 s, IFHEICRIEE T 85% .

4) GA-Otsu FEM L FALSE Otsu 5935, BUMAZEN T 25 52 8] 0y 22 3L R e BIE, ANEFRH
JE T BIEAE S X M 2E , 0% IE T e TNFMEOTH — SRR OCHE , RBAS A 8 B M B
B, IR AL b AR E R R, RN, RS BoR (WL S) WA, GA-Ot-
su FVETE BRI IX SR A A0 IR B AhF, JUHORAE BUE BRI Bk B K g i W 2 i
LTy, BREUCRAESE Otsu 0T, TRER IS W i

F 4 Sentine2 EAEFHEXIZEEEFIFERTLL

Tab.4 Comparison of extraction accuracy and time-consuming of Sentinel-2 algae aquaculture area

BMANE  Kappa  BREHER UERER O HIEREEE RIPORE SGER

FEIH K I8 VAR SYilr i Z%{  Commission Omission  Protraction User Total time
Aquaculture area Aglorithm Overall Kappa rate rate accuracy accuracy consuming
accuracy/%  coefficient /% /% /% /% /s

KB Otsu 90. 14 0.73 10.94 28.05 71.95 89.06 2.93
Dong’an Island GA-Otsu 92.59 0.87 18.42 5.41 94.59 81.58 0.19
" Otsu 86. 34 0.67 3.36  37.76 62.24 96. 64 2.01
Guanjing Ocean GA-Otsu 93.50 0.87 8.93 11.53 88.47 91.07 0.23
e Otsu 82.57 0.65 7.15 25.35 74.65 92.85 1.86
Dongwu Ocean GA-Otsu 87.19 0.73 16.20 4.35 95.65 83.80 0.22
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R
Dong’an

Island

e

Guanjing Ocean

RE

Dongwu Ocean

a) K IR BG4 A b) £ 4% Otsu 53 4 B e J ] c) GA-Otsu 5375 B B e 25 &
Remote sensing image Traditional Otsu algorithm to extract GA-Otsu algorithm to extract the
the algae aquaculture area map algae aquaculture area map
0 5 10 20 K TS R iguE s Algae vectorized border
m

WA Algae
B4 =iZsaiXigEEFERIRENERE (Sentinel-2 B #1%)
Fig.4 Extraction results of algae aquaculture area in typical area of Sansha Bay(Sentinel-2 remote sensing image)

Sentinel-2 A o . .
7R % % Dong’an Island E ¥ Guanjing Ocean 7R B Dongwu Ocean

Otsu

GA-Otsu

5 Sentinel-2 ERZGBHBHABIRERE
Fig.5 Partial zoom effect display of Sentinel-2 remote sensing image
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16 GF2 BIEGUAR I, AR ik Osu L (GA-Owsu), MRARGEH], BARSZRE5 R (WK
6.7 MzES) W,

1) MFES AL, GA-Otsu FIE A B FRAE IX $2 OB BE 4015 48 Otsu Bk . H GA-Otsu Bk
PR Z S | B I IR BB A0 BN BE 5350 h 96. 66% | 96.66% | 92.21% , #AL4E Otsu 53k
B IR X AR USSR T 7.37% . 10.96% | 14.41% , $2FFECRE 10 m /3P Sen-
tinel-2 1B R U

2) GF-2 BEREHAR M2 [ 5093 K 4 m, %8 Sentinel-2 43 HE 35, BRIt b 4 1324 22 40 55 W44 4 i
K, JEHRAERIMNEIRr . CA-Otsu FIEHLEA BRI TS S 2RE T 25, RN Z K&
HJy ZERE L LU S 2R bR L [F i 2 A e, I AE i S b i SR B ES S B B 35 48 Otsu FIL 4T,
IEAMS SR A B B A 20 ol 3%

3) FEMHRIIAA/N—RE N T, B GF2 B IR AR A K m 2 M HE, OB AG i B =
5 Sentinel-2 K, RIS XY 18 B FE BT 42 Sentinel -2 1, AR ST AN [R] 25 [B] /0 HE R 8 B A%, s
GA-Otsu FEAN AT A R0 S B FR I XA A SR FE IR, FRIIZ AL ok A AN [ I8 i B IR 2
A WS,

R

Dong’an

Island

(EEiRtE

Guanjing Ocean

KRt

Dongwu Ocean

a) 7K I3 SR AR K] b) 1£4¢ Otsu 5 2 48 WU 26 & c) GA-Otsu 531 44 B e 25 &1
Remote sensing image Traditional Otsu algorithm to extract GA-Otsu algorithm to extract the
the algae aquaculture area map algae aquaculture area map
0 5 10 20k RS RUE S Algae vectorized border
m e s
BES Algae

B6 =ZETHBXIGRERFEXRENERE (GF-2 BRERKR)
Fig.6 Extraction results of algae aquaculture area in typical area of Sansha Bay(GF-2 remote sensing image)
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GF-2 B R Dong’an Island BITE Guanjing Ocean REVE Dongwu Ocean

Otsu

GA-Otsu

E7 GF2 EREZERBBHAMRERE
Fig.7 Partial zoom effect display of GF-2 remote sensing image

RS CF2 BEFHEXIRIUEEMFERTLL
Tab.5 Comparison of extraction accuracy and time-consuming of GF-2 algae aquaculture area

o wkgse  Kappa ’%%&i (ﬁi%$ ﬁ%'Jl’é"H%TE“ FHPORG f’éﬁ%ﬁﬂ‘
FEFE K I8 A SYIRrS Overall Z¥(  Commission  Omission  Protraction User Total time
Aquaculture area Aglorithm Kappa rate rate accuracy accuracy consuming
aceuracy/ % icient /% /% /% /% /s
A Otsu 89.29 0.83 7.23 8.70 91.30 92.77 3.12
Dong'an Island GA-Otsu 96. 66 0.92 6.01 5.92 94.08 93.99 0.22
B Otsu 85.70 0.68 5.48 12.30 87.70 94.52 3.89
Guanjing Ocean GA-Otsu 96. 66 0.92 4.24 6.37 93.63 95.76 0.40
FoE Otsu 77.80 0.62 1.18 22.09 77.91 98.82 3.25
Dongwu Ocean GA-Otsu 92.21 0.84 6.47 7.60 92.40 93.53 0.24
2.2 EEEREAFERRNERSH 26950'0N
AR DX IS 00 45 R 1k 5 B
FEATHUE T GA-Otsu B3R AE /K F= B2 IR X
SR E A B A AR P, AR S
ALY Otsu 59 (GA-Otsu) %1 FH £
A=D1 Sentinel 2 FEIEFLARISEIX . (H 26°40'0'N
2019 43 Ao 5 A4, (LA
WIRSEAS, TovkE S A =W il i, ik e
KAL) Owsu B ks HEZEAD =V W5 X I8
GF-2 BBRRSEAR 1) . H = v i 3 T LG 0 s 10 2 S e
K, AR R — B X 2 TR X R AT 4 1199400 119°50'0"E 120°0'0E
B, b AMRRWRAR; PrEL, AH B8 GAOtsu Bt HEHARMEANS HHE

Se R YA P, BV k x k AR 15T
A =V R IR AR T R R R, &

Fig.8 Algae aquaculture area extraction in Sansha Bay

distribution map by GA-Otsu algorithm
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(BT IR LA /MUK P BTS2 AR L T o5 RO BT EORE e i, B> = Vi WESE X R 90 29 4
50 km, BETEHHK, XH k1000 270 (10 km) XSARMEAT 08 FXTorHe R AR 01T B, 1R
IRAE R UL 85 e Ja X = VbV 2RI B AT O AL AL B VT E SR IO B2 32 i = b i i SR o
867 247> (HEEEIBEEL 8764 1), RANRIGH M T NIATHE ZRAE, 45 RILE6,
®6 ZHBRARARIRIERE
Tab.6 Extraction accuracy of algae aquaculture area in Sansha Bay

l \ e oy AP
R RPRE  RRIE  Kapa o
i H P S T J=V il Protraction User Overall EX4 T /lul - ‘/\ "
Ttem Algae Backgroud Total accuracy accuracy accuracy Kappa al z«zaf-;tl;it(i)nn
/% /% /% coefficient & /k 2 )
m
B Algae 729 824 131 729 955 84.15 99.98
R Packground 137 181 747 980 885 161 99.98 84.50 91.48 0.83 86.70

JEUFT Total 867 247 748 132 1 615 379

HRAEF 6 FIAHT, FH GA-Otsu S HR L — VD18 B 2 35 0 XA 8 W B ARG 0 91. 48% , Kappa R4
$70.83, HFREEE R 99.98% , il KRG E N 84. 15% , i ist H ALAR1PF = V0 ¥ 986 25 % 5 IX 2 LAY 43 A 1)
(JWLEI8) WA, GA-Otsu FIEH TIMAZEN T 2L F 2 5BEER, R TES Osu BiL{UHEH
P 58 S X M2 50 R RME, AR T EEAS SOR IR, TR RN, iR
B TR 06T, A2 M BAS 2R B 20 R ORGSR O . IbAh, FERMRININ IR 7y, B2k i
FEFEMG B AR, IR S T RO IR SRR BN AL, A5 i R {H GA-Otsu
FIEMETAESR Osu 3, IR WS 2B ANeE, R TR,

3 #ig

1) ARSCHET EEIOCRERRAE UL BT, FIFRSOE T2 sh By, i (85, Mdmds
JEIEFE L (algal spectral index, ASI), ¥ REEAE WA M2, AR EERNGEE, W5
WYIER, fiaBERerEE,

2) GA-Otsu FHILTER My 20 3emh M AZ T2, RS 5MMEER, SZ6%8THEELSY
S B2, DI ENTNTRICZ B A DG — 350k, 458 T 358 258 B (B 18 B0 HERA P ARt
SPE, N BRI A5 2 ) 0 0, /NS BSOSO T 47, AN 23 BRI AR
JG, KWK NI IR ST W B b, 7E Sentinel-2 $41% |, BEEIUAL)E MK IR 4. 74% |
Kappa ZEHE1 0. 14; WAE GF-2 5248 I, ROCRETHS BB &, SRR & T 10% £47, Kappa
FEHER 0. 18,

3) FEMRALBIEESE H LRI L (GA-Osu) ™, KEPLILRY Osu B35 5 AL VL Ul S 25
G, AR TS Otsu 5338 o il 48 R 0 7 R B2 H R e 22, AR AL R (B Y iz S 72
KKk iz, $em T HIENBITR8CRIF A TR R A, Bkt ReRit s 7 85% , HAR
1o R SE B I FH AR B

4) AT PR ZS [R5 HER AR, 12 H GA-Otsu BIE A ML I T 3R FRIE X 1 A
SERE, RINZAL A — @ E T, EORSZ FAR IR AN R I B R 25 S s, AN T 2L
B X e B VR RV R FE AR BB SE A TN 2R 2T, mTLASE RS2 41 F s Ak,

5) ARSCTEMAMRRAFAE—LEIn R, QA SOk 2 F T H) i) 6 AR AE 24T UG o 1), TGk it
KB BSAGPRRR B (25 AR AR B R SO R, HRkbt e “ SYRE, FY 5" SHed
PISEIA , Ak, AL TUREE S S AN S, A SCR R SUR B 2R 0 R ZO0IERFIE, oL iR)2
FRAEFRE, MATTAE B OR B (3R T DA R R . X e it — b A e 5 3
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