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Table 4 Description of the feature set from Sentinel-2
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Normalized Difference Vegetation Index red-edge 1 NDVlrel (B8a—B5)/(B8a+BS5)
Normalized Difference Vegetation Index red-edge 2 NDVIre2 (B8a—B6)/(B8a+B6)
Normalized Difference Vegetation Index red-edge 3 NDVIre3 (B8a—B7)/(B8a+B7)
EARUEEY1 . .
Normalized Difference red-edge 1 NDrel (B6—B5)/(B6+B5)
Normalized Difference red-edge 2 NDre2 (B7-BS5)/(B7+B5)
Chlorophyll Index red-edge Clre B7/B5—1
Angular second moment GLCM_A b 51
Correlation GLCM_Cor P
SURRFAE Contrast GLCM_Con XF R
Entropy GLCM_E I
Variance GLCM_V Ji#%
GRS SRR IO MBI A RS SCRA T E 5 A R ELAF {2 0

TERAIE 5 X SEAR AT T4 B £ O # F BORK
AR W TABELL T B B AR Sentine 2 A8 R
)% BORRAE , A SCHELL D P F A A oy — 2R 4
fiE, He oM 21 31 18 Btk A7 i {5 2 4 B (HilL,
2013; Shang %; 2015),

BROGIEE B . AR R KRR L S 2rih
BEIL, AR AN SOAT EAT DA = 0 A
B RS BE CRR IO 45, 20145 X 45,
2014), ASSCHEICT 2560 RS o 1 B e A A
FEGLCM (Grey-Level Co-occurrence Matrix), FH&§
RGBT

P (i, j;d,0) =#{(x1,y1) (2, y2) | f (x1,y1) =

i, f(x2,y2) = jl(x,yD) = (2,2l = (1)
d, 2((x1,y1),(x2,¥2)) = 6}

Kb, #RREZESTRNITRNEHE, f(x),
y)=iR R BB (g, y )DL EARTTI R BE S i, d3Row
PIAMEICZ I BEES , 03K B MEITZ R 77 1]
f, WHd={1,2,3,4}, 6={0°, 45°, 90°, 135°},

TEFEAT SO it , eI B . A G
PR OXFEREE BT 2SN TURERV N I St
XA T o . R2RWIKEE A A
H G AR 5 THE B a5 [H 01 pR B, AR SCR
WA~ I7 mge it & A X (AT bR AR B B s

HREN, KXSHFAMRLE, EXRIGY
BT T 3T Z S WU — E A G — A &
A7 22 7 e R TF0.75) 4R B_E i SAN S BRAFAE ()
FE AE, 20115 PEHERE %, 2013; PufilLandry,
2012),

LI TR A

AR T LU T 6F07 S BT X LUBIE(RR5)
WEARITREEEAUUTP T EHR: (HPF5
AN TR AR o 9 A B B B S, 8 A [
FEAE AR B R BVERERE 5 (2) a8 ad 56 2 A A X
o, RER R FAG S R ik

K5 LRARRFR

Table 5 The information of experimental Programs

4.2

SELG
e FRAFLL

1 LMD G RIE
2 SO DG RAE +Z2 I AR B 18 SRR PR 4
3 Z WA IEARAE+ 22 B FHZL I HR 5L
4 Z W AESGIEARAAE+ 22 B FH SRR

Z D GIEFRIE+ 22 I AR S O K A $+ 22 AR T30

e A+ 22 I AH SRR

6 AR R A




318 Journal of Remote Sensing

# BRI 2019,23(2)

4.3 BENHRMDELEEL

Bifi AL AR AARAE S — b LA AL 2 > A
AT DAAR - tb $5000 2236 JL T A8 me R,
B Y TR ALAS S S B — o BEVLARME
& UBreiman® AR W B 43 K W H R CART
(Classification and Regression Tree) i Ay FEfill, i
b B A 20 Y SRR 2 AR SRR A ) —
2, EREARRITRIRER, ARIECARTH R
BRSSP —DER, HILEMETZ
L RAE—BX TS5 753 2 (Iverson 45, 2008;
Breiman, 2001),

FEMLARAME ST AL IRANT -

(1) RS FEAS D, BEAL AT 0] 4 v
YIEREAR GZRAETT R Mbootstrap 771 4 I 25
FEALE , BN AR 4R B RS 29 I i AR AR B
PEEE63%;

(2) FE T AN GRAEALE 73 00 57 NERCART
TR R BENL AR, TEPORR AR
RS 0 A~ 59 5 A BE AL B m R AR (R RRNE £
M, m<M), WRIEGini REHm/NENERE—RE
A 5T IERe T FIEZE SR R T A 502

(3) B A= B ) 22 B USRI AR R 532
v, HZ A B T2, SRR
J7 AP EFHEA B2
4.4 FHERIETE

B HIL 2R AR 1 A AN AT LA S BB R 12 Y 4
25, T LA A e 45 R oA A 45y T, % 7 4 TR
MIVERT . TR A R 2947 37% O AR A
HOE AP, S EUE DY 22 B 4SSN
P#EOOB(Out-Of-Bag). i i OOBA s r= A (A8 M
PE 1% 22 (Out-Of-Bag-Error) AN AT LATEAR 43 206G BE
T HAA T DA [ R iR AR 1 9 B 224 VI(Variable
Important), M THRIEEEE(Genuer 55, 2010),
FRAFAR B E B PG AL AN
N
VI(My) = % Z (Bar - BY") )
o, VEOREFEAS BRI, MOIREA Y 430
FEAERC, NRAE R DORI BRREL, By AT A
TEAELM A I AT 75 TP B 565 AR D SR T OO B iR
2%, By AT RURFOEAE M A P TR 25 R e

M HYOOBIRZE o A AN RAEM , FEHLANA M P
ZJa . ARHMEHR M HERR R IR EEREAR, U I R
TEM X 3 A5 AR, sk ol DA B &
FLRERE A o

BT RANBE R RSIBF T T 5, AR
FH7E E A 5E 1 B 5 73 iR (environment mapping
and analysis program)¥i H 20 1 & Y EnMAP-BOX T
AT R 1 B b 5 BRI, FE B L AR AR
BRI BRT A WA T EEN SR, SRR
ARAR PSR A BN 1 53 2R A b e B
TEASBm o 2R AE AR 2 b RS, AR SCBRIA 8 B
EnMAP-BOX T_H i GURHIE B B AR T iR
R R IEAN S FOE b, BRSNS
2 AR, R ) A R R . AR
HURRAE m B 52 AU LAY |, A SCHE S KRR SR &
B, PORPEEN =1000F, i i E£HO00BIR2E
BRSO TRUE . FIL, ARSCGERN=1001EH
Az LR BB o

45 FEEIEH

TR VB Hi % (Confusion Matrix) W #FRVE R 2250
M, FERSEEVEM D, BT R L R AL
RO ASHEL 2 (8] (TR VA R B A TS B VT4 o AR S 3=
B ICH 1 i R Y SRS B . Kappa REL. A=
7RG B R PR BEAE VAN FR AR X A A T SR it
1T o

5 RS0

RN —TJr BSVE MR S, AT E T4
TEZERE, RiSFNIT S8 B TEARFEA A AR iR 28 2 X0
FRSEUE B R . 7R SRR -, RRE
PLARARETEXT 125 FRAE AR S A T SR EE TP, B
1 1k Bl LR AR o 22 05— Zm e s BT
PRI, FJo B3 G B S e AR 2R 0 LT
226, PRIMBA R Ty SR 6 AR RRAIE WA e L 5 B i
FTHIOCHE
51 FROFEFHE

SRR UL I B 2 R v R YRR AR
i, AR RS 57 25K B FlK appa R AT
KAR(E3), HEHHTI3ASEEMEAR 7 8 R IE A
B SR 3A E (E12).



oK% %5 Sentinel-2541R ZHFAEAIE 0 FEW] — A PR H (5 BRI 319
6 [
“
O v <t <
+ < < < o
5 <+ <+ F 5 =
<t o0 —
@ © o
L [ J—
<R4 mm'ﬁ!-nm
o AR n
\::13 ngggngo«m
S PN I S | vt 0o
IS IR DR S B S A = = =~ O
= GO NdGSaEEE355852 ¢
2_
1
0
[ S S S o o = = = T 2 T =T S =T = N s N S Ve S~ N Vo SN S~ N ST S Vo Mo BN~ o
Ny e b DD R R R B D D AR A DD DD DU R D I I
__________ — — 5 — — L —
EEEZZ2E22822322 88003 B8R Ex 0282
Aozl ;oo'goo;;oaagzzo‘glﬁoo;ﬂ;vﬁzgoa
Z 57 RZz3E0ZRRAZZ7RA00zZE ZzZAAZA SRAA
S5 S22 3378 S2°2
z z z 2zZ30 z =z 2% 9
5 g 5
el el el
FRIEAS B
K2 FeEEZEE

Fig. 2 The distribution of characteristic importance
E: NDVIre2 0737~7H {3 i)Normalized Difference Vegetation Index red-edge 24544, ##fiEClre 073757 H #/y#Chlorophyll
Index red-edgef&%1, HF#fiFband3R_07F/RTH ML BE, DI, F£7ant.

100.00 1 1.00
90.00 0.90
80.00 0.80
S 5
= 70.00 0.70 N&
Hmr <
e &
= 60.00 0.60 S
o v
50.00 4 0.0
40.00 0.40
30.00 SE . s 0.30
TS GARRTLYINRTCCINRETR2R52E8832ES4
FFAE A AN

— A AERE e Kappa 230

B3 RFAEAS AR 70 SRS BE FIK appa R B R
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Wetland mapping of Yellow River Delta wetlands based on multi-feature
optimization of Sentinel-2 images
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Abstract: Estuary wetland is a special wetland type, and the extraction of estuary wetland information plays an important role in wetland
conservation and scientific research. In this study, Yellow River Delta wetlands, as a typical estuary wetland in the north part of China, are
considered the study area. The random forest method, which has evident advantages in feature selection and classification, was chosen to ex-
tract wetland information from the study area. First, five different characteristic variables, namely, spectral features, vegetation index, water
index, red edge index, and texture features, were generated based on Sentinel-2 data with rich multi-temporal and spectral information. Then,
six different classification schemes were constructed based on the preceding characteristic information. Finally, random forest classifier was
used to extract the wetland information of the Yellow River Delta and verify the extraction accuracy of different results. The purpose is to
select the best plan to improve the effect of wetland information extraction. Results are as follows: (1) The effective use of multiple feature
variables is the key to improving the extraction of wetland information. The contribution of different characteristics to the wetland informa-
tion extraction is described as follows: the red edge index > vegetation index and water index > spectral feature > texture feature. (2) The
preferred features based on the random forest algorithm are crucial to extraction accuracy, with an overall accuracy of up to 90.93%, and
Kappa coefficient of 0.90. This result shows that the random forest algorithm can effectively process feature selection. In feature variable
data mining, the accuracy of the wetland information extraction can be guaranteed, and the operation efficiency can be improved. This study
also provides a new idea, method, and technology for the selection of data sources and feature and method selections for wetland informa-
tion extraction.

Key words: estuarine wetland, information extraction, Sentinel-2, random forest, feature selection, red edge index, multi-temporal data
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