38 % 455 w OB R 5 N OH Vol38 No.5
2023 4F 10 H REMOTE SENSING TECHNOLOGY AND APPLICATION Oct.2023

5] A #& 3 : JIANG Jie, YU Quanzhou,NIU Zhenguo, ez al.Remote sensing extraction of Potamogeton crispus 1. in
Nansi Lake based on Sentinel-2[J].Remote Sensing Technology and Application, 2023, 38(5) : 1192-1202.[ &4, F
SR AR L 4 R T Sentinel-2 5248 14w PO I8 T A R 9 28 S AR IROBE S [T ] SEE R 15 T, 2023, 38(5) - 1192-
1202.]

DOT:10.11873/j.issn.1004-0323.2023.5.1192

X T Sentinel-2 2 {R B & W 4 3H & B % 18 X
REVA R

?,

£ AV TRNLFREL,EAKR L HER K B RRL!
(LI K% wEEFREFR, LA Wk 252059;

2. RF WEEXBEFR,Td 3 475004;
SPEAHFRERELANFHMER ERAFERELERET, LT 100094;
4 HEIFEFR ML BRI FR,Td §L476000;
5T R AWH A KR RSP, LA FT 272019;

6. T W AMEF LLE P SHERBAIRSE, LA FT  272072)

FHE . L T Sentinel 2 BB, ARKMABE S £ MILAKRNEF: I »£E L TG
NDVI & 9 1% 4F 42 5 & 5% 5 3 A 77 %, XﬂLZOZHFS)E]mr%m%ﬂmﬂi#ﬁw’i(;nﬁ%%%)Léfﬁﬂlfﬁ%,
F R B A 5% éﬁ@mzﬂ/ﬂﬁﬁ%@ﬁvﬁw > BAE ST 3 O ke RS B AT M, A T LK
BEESIIMNTENAEORREN, EREAN . OFRR T ARG GO HAALEHREL L ORE
Ewmé%o“?%%%%mm%ﬁ&&m%%m#@m& FEE @AY AEL100 km AT, o
#) 4 98.97 km®* 4= 75.92 km®, & F 8t 5 NDVI 8 5 ix 32 I & A2 4 207.44 km’, | 436 5 38 & 69 4
¥mR, QA RAZLENERZB SR BE s EFREMAAREGRIEEN 5% £ 4, FH stz
£(MRE) £ 0.5 £ 4 , F 3% £ £ 20~30 km® £ 4 , @ & F 8 5 NDVI 8 7 sk 45 & £ 90% A b,
MRE #= ME . & & &, QOB ZE AN, BE S EMALAMKRT F RAERRI LR A A
MBZERGHEE SFHOCRBELZERMKGEERBRARZ, M5 NDVIH 7 & KA E 2
FEH R BB, R R BRI ATy k. AFER A T A BT 0K HLAK E BRI ke 25
WA A SRR A A — W AE M

X # A hwd AR 2 AR IR AR K Sentinel -2

RESES:Q941;TP75 s'zﬁkh\,hﬂ:A X EHS:1004-0323(2023)05-1192-11

1 8 = crispus L. ) 7 — i WL V5 1 0K M, R ALAE 1Y
VL 3 T IR AR PN R 9 8 R R R O 2 KR [

AT R NS A IR K B IR it oK A R T FE K o P A 4, 3 BU™ B Y KR B SR AR

Py ol 3 DR, 9K T AITE R R A A RO K A A IR AR o AR o i T R K G VA AR £k e Y
LA MK SR B R T o L (Potamogeton )58 T AR T 0 PN T RO R B R R T S A

Y& B HA - 2022-05-15; 18T H #7: 2023-08-09

ELTE MK HARRFEETH(31800367), I 4 A AR 3£ 410 H(ZR2023MD129), 1] B 44 185 %5 27 4 75 4F B 2O 85 75 3 %1 ¥ Bh 15
H(2021GGIS134).

EERT 2 A(1998— ), L AR, 0584, 322 )\ F 8 2 55 . E-mail: jiangjie1592020@163.com

BIRAEE : TR (1983— ), B AR T M AL 4 B F A 0, 22 R 3 38 W 5 . E-mail: yuquanzhou2008@126.com



% 5

LN LT Sentinel-2 §2 A% 14 BF DO I 5 B 75 18 PR IO 5T 1193

PR T 8 e W, 3 AT 3PV G BH ZE R ETT KR
T Y S ) 7 T AR S R 8 R g K
IR %4 R RO

TH B 25 R AR R R AT IR B Y G — 2P X
T B W DX AR B R S A A A B A AR
JH X T # A W00 20 55 08 4 R0 R K b I i oK 42 4
HAEZE X KA 5 0T B 32 2K
S ST M R A H K R i g R O, BLXT T AT A
25 WA R b X R 5 F R . YD IR R &
B AR A IR W A ) T BOR A BNz Y
o i) R R WK A Y R E AR Z
W Armstrong” ) FH b 17 6 5% WL 45 4 Landsat TM
AL UL B, WU T O R D b X3 T 1 B ( Thalas-
sia testudinum) W) L A ) . Santos % E 1 £
199 8 AR X 36 [ SR AR A = A AR K
MY BEVE AT 2 AR . Yuan 28 VSR T T R
PHIRT T AR AE W) i 97 ¥ ( Vallisneria spiralis) #1856
TN A ) S Ak % e N R AE L 98 R 200
TR X 8 RERE VR EAT X R S AT AT . R R
S5 LA Landsat 8 3 B AU R JEml | A FH O % 48 25 1
PG AR 488 7 15 1 AR AIE A8 o, R FH B HIL AR AR 43 2R AR
ARUBEEC T RO KA M i 8. Hi T
LK AE 0 1 6 1 52 /K A 5% i 5 K i L WE 7K A+ )
FEAE HA AR A 06 B, 0 L 0% 2 S 43 28 5 P AT AT
LA RO LA 43 .

[] B, A% 498 %) W 3 28 5 i, AL 2 2 O ik (A
Bt L AR MK ) B2 56 T ND VB 9 9 16 432 O vk e i
O RS P ORI 22 RSN . H R T Senti-
nel-2 B04E 1 I M, H AT 5L T Sentinel-2 £ 4 I g
F14) W b AP B 3 R 43 2R I8 B /D |, Sentinel-2 £ 4 AH L
Landsat £ HA 25 [4] 43 BE 238 5 I Be AR X 2 550
AE 6T T PR A ) 0T A I B, X T R R R
AT LT LR .

PRI, Sk D s A ] 3 J% 43 28 5 vk TE D0 K AR
PR AE ALy 22 5, DL Eg ZK A6 R 9 5 000 9 e Y i
WFE k56 X, 3 F Sentinel-2 £ 95 I, SR F A% 5t 12 Ji&
WA o3 28 05 1 (BB HL AR BRAIL 25 27 > J7 1 RLEE T ) Y
NDVI ¥ fige 73 2 05, 53 A 2 B 2021 4F 5 H 91/
DU T Y 9 R RE L ORI S b O A ERAE Sk 4 B
A T 5 s 1 4 RO BE RN AR A DA 7R AN TR 43 28 5 vk
A R P R T A 45, IF B Sentinel-2
T2 SRRSO A R BT K R TP AR SR IR K 3R R
328 % W B AL — 5 B A R R S A

2 BEHSH KT E

21 MRX#BER

(Rl I N AN I A I e B v =
4 A AR ) 00 RORR 0 DX R T L R 48 T R R
T B PO AL 2 1 266 km®, R AR LA —
F R E A KRR 2 — . MR EE
RUBIA , AR RIR F B e IR S S 2K
A AE Y, 2 1L AR AR e EE IR K £l e
TA K ik, Tl LA B¢ CHs F7 o 32 5 4l LA Rl Af /s
& EK KR R MRS R T EY o £ 2
BRENEKRZ S,

A DU I8 S T 30 3 M I I T S 3K
1.5 m'™ K BB IR K B A R
259 Mg OO B ) v K R AR . O AR OR
VUG G M K R —— i B R A K TE AR S
A Az W X JE A T A R SE T 4
0 DX R R 7 B SR B PR vl B0 =2 S K T Y
T8I B VI Bk B W) ok VR 22— ) % B R A K 0,
AT Ry R BRI TR AT A K SR B (8 A
FEAREAE 5 0 WA B DY 8 10 K R DX ) i — A A
Firo Y ECAE 6 F by B S BOK TG g,
PO R R 7= 2 B RS ) N 5
S SN 100 S
2.2 HRHIE
2.2.1 Sentinel-2 % ¥

Sentinel-2 T & J& MK =5 Ji (ESA) HF H e 1%
R B) — AN 2 6T = A BER N R B
() MST A% J& 25 4E 22 IF 97 ¢ T Landsat & 31 T A Al
SPOT £ 41 T2 f 5 s AT 557 . A& 2015 4F
H 2017 4 56 LA K, 75 15 A AE # e D L K 4475 e i
| b 7 A b SRR B AR R A I 4 4 sk A5 F)
T N A . Sentienl-2 £ 4 3 I £ 4 Sentienl-
2A I Sentienl-2B T , H 25 1] 43 ¥ 3 A A 7] I Bt
10 m .20 m 1 60 m, B[] 43 HE K 5 d. 5B AE
BaE1FR,

D7 5 1 O 3 b X 8 202145 H 9 H Fn6 H 23
H i Sentinel-2 % #& Sentinel-2 3 #E 7 BT 5%, — 5
AT A I Sentinel—2 %548 78 1 10 00 1 70 7K A8 1 i k4
B ) B, 55 — 5 1 % e AN () 3 JE 432 ik g
T Sentinel-2 4 47 1T /K A Bl 42 HCAG) Sk5R .
222 FHAEFAEKE

B DU AR AR A X AE 2021 4F 5 H ) % T 4
A E AT S M R A, b G R T R A A5 R



1194 &K

R 5

38 %

116°40'0" 117"‘0'0” ll7°29'0” Ez
5] N S

B A )

Bt X -

116°40'0" 117°0°0"
1 ARRXGEBREERER

Fig.1 Standard false color image of the study area

£ 1 Sentinel-2 HIEKFHREE™

Table 1 Band information of Sentinel-2 data

. PR AERSHER B
B

/nm /m /nm
B1(Coastal aerosol) 443 60 20
B2 (Blue) 490 10 65
B3(Green) 560 10 35
B4 (Red) 665 10 30
B5 (Vegetation Red Edge) 705 20 15
B6 (Vegetation Red Edge) 740 20 15
B7 (Vegetation Red Edge) 783 20 20
B8(NIR) 842 10 115
B 8A(Narrow NIR) 865 20 20
B 9(Water vapour) 945 60 20
B10(SWIR Cirrus) 1375 60 20
B11(SWIR) 1610 20 90
B12(SWIR) 2190 20 180

129.29 km®, T 4414 126.37 km®,
2.2.3 Y% B I IEAE K B

FF ENVIFEFH B A0 258 A5 0 5 v,
T BURIF 5% X H 3 o0 A (0 1 2 RE AR 264 4 T )5
SrFAT W B oy 2 B BE ML AR MR 2 . 7E 4 W IX B ik

BT ST EREAS , T 43 25 J5 RS 2 DT
23 MIRAE
2.3.1 Sentinel-2 £k 3% A 4 32

PEAERR 2 B F#EM L2A 57 9H 56/
23 H 1 3 1 DU ) X0 2% 3 5% Sentinel-2 £ 4 L 78
SNAP(Sentinel Application Platform ) i J&& £ 45 b 2
T 6 HEAT AR 10 m 3 PE R ECR A JFAE ENVIS.3
HEAT I Bl A A S2 AR PE 4 L IT A R O 4 X R
W B AT R B A5 B A 5T X R A A B L
X
2.3.2 Sl ¥ ARAYE G A2

B R DU A X 2021 4F 5 1 ) 52 Hb A Y
T DO 43 A TR R A N BE AT 0 A AT R
A A R, A5 3] 24 A4S T A DX I, I8 H 0 3 AR Y
0 S T B 1 D o 3 I o g o 5 | A N R
AR DLA AT R USRI AN .
2.3.3 ERHSET R

3 590 3 B ERe AR SR W 3 2 U 1 B AL AR AR 3
277 vk DL R T e ND VI A4 9 i 32 BUH: 45 3 bR
] 2 0 5 v, B A W B A0 IX 9 B . e R B
Gy HTT B —Fh Tz N T AR G R AR W
rRTT R R G S B A L A
oy Bt B AR O T R B — 28 S A AR
G eI SMED PN XSS L L NTE% 2
B2 0 BEMLAR AR 43 2 7 15 0 — Fh BT 2% 1 v
JE RGBS 2 S 20k B e oAb o o 25 b 45
BTz N BB AR bR S A 3 A [ A R A I
GRAE B KPR 45 4 R R 0] A 22 55, 0k >R A
] PR 22 B SR U SR 1 5 AUAS B e A R R iR
YA oy AL SN T RE . BT RF NDVI
1) 49 i B8 B 7 3 3 A Ok B & £ R TS [A) 28
TR B A SRR AR I L R R VR LA R 1 )
B RFAE , NI 2 7t P B 3 I ND VI 2k 5
A At M A S B A AR B R 22 R, AR 5 Wk )
NDVIWEAH , 76 6 H K ) 5 2= 418, PRtk 3 5 T
LA AN B 3 0 ND VI 22 (AR E g 470 5. 5
Ah L FE 175 d LAJG TR B 2 W T, 6 I R T Rl R g
T KA B 5 3, S ND VIR T 200 d 22 47 L5
—UEEAE L T I A B 3Bk M AT B B NDVI
ASALERAE T, H B ND VI B i 25 T 5, P
56 ) FH TR SR AR 7 0 K B e AT S B L AR R
0.55; FHEBUNDVI K F 0.1 A &84 M JH 743 X,



',

%5 LN LT Sentinel-2 §2 A% 14 BF DO I 5 B 75 18 PR IO 5T 1195

04 - N\E

02 |

MODIS NDVI

0.0 F

02 .

04 L . . L
0 100 200 300 400
FRH/A
—= — fifHH] —e— B — — P —— i —— Kk

2 FMHEE Y 2R A ND VIR F ™
Fig.2 NDYVI time-series curves of typical objects in Nansi

Lake

2.3.4 BN F E
Ve A 2 A 7 R B X 3 4R B AR A s ) T
B A 26 R B0 DA BT 15 22 (ME ., RSP 35 A0 X
22 (MRE) 45 2 $U1E Ry W7 4 38 50 3 R BUT ik 19
85
A ENEE =4/D (4)
Horp: A AR E B 43 SR 3 B S A5 T B D i

{ Sentinel-2%4& /

A 4

FORFE WBRLE

HAS % MR VA HE P w8 i A

1 n
1\41-32"%:7>< Yi'i 4
. 2| v (4)

1 Y-yl
MRE=—x >» ———x100% 4
Oy 6 (4)

Forn Ay SN RE A DX 05 Y A IR A X
F14) TSI T AL 5y, o R SR A 2R T AR A AR 1 B
AT DX P Y 9 TR
2.35 MAEBEEZEEITHTE

T B A o5 BE (FVC) S R AE b 35 4 o 7 55 72 i
B E AR bR . BF SR R T A BT A
FVC, % T8I0 =4y BERL, n] f£ ND VI £ 45 5 fil
bl AR R R FVC Y R AR
FVC=(NDVI-NDVI)/(NDVI-NDVIL) (4)
K FVC M # 5 B ; NDVI A R4 58 NDVI
{H s NDV L,k 58 4 2 4 5 0 AE 9 8 55 X3 ND-
VI{H ; ND VL, k5% 4 8 A8 98 7 78 35 1912701 ND V1
B BB SE X IR 215 0 NDVIE K% R
FRUE B 4 3 B R4 . NDVL, MINDVI,,. #
Fi FH G SCHR K5 DXL B, AR SCHRGHL By A

. -t/ 'I
A 4 : A 4 |
HERLH BRI i | itsmmNDYL |
: it
; Foi
| i
i v B \ 4
e e | 1| TEREZEBREE | & =
wssk || || OGRS | 91 | s
i i
i .
! v & i
| "o v
i | NDviggsR | i \
i || R
: |
| 0.1 !
¢ e e ]
HEE
/ S 15 S /
A 4 A 4
FERCRATE. RSV Geit it

3 ARBRARKE
Fig.3 Study flowchart



1196 &

"R 5 M OH

38 &

A A% 0 DX BT 3 Sk 5% B NDVIE iy ND VL, 5 4 5
M 90% By NDVI{E A NDVI,,,.

3 HERERM

31 AEFEMNEENRINEGR

AN TR 7 3 ) i BB 98 PR IEE SR A TR ], v
W 43 2 3 R BE ML AR AR TR 1 B B SR H L, B S
¥ ND V7 7 (4 $ Bl S 22 g k. 3 Fhid B di
U5 ¥ KT g I8 R s B A TR AR AN AR 2 R,
& I L 2 ) 3 A A P A BT o

T R A 35 im0 52 04 5 3 R BRORIF 9 IXC v i
FLOP A VN ZRAEAS 2644, 56T e KSR 73 25 Xt 5

F 9 H 3 BGEARIEAT W B 43 25 45 3 4l X I A
16 FH R 98.97 km?, e b A% 0 IX 8 1T AR 78.59 km?,
FE AR T GO, U R 0L By DU 3 I R X
B A(a) B 4(b)) . FIHBEPLARM S 28 L85G
DL b B R YR A AT 43 2R SR T, A5 B 0 25 21 4
K ACe), B 4(d) iR, 4= i X 3 i AR 75.92 km?,
Hoh a0 X B AR A 61.57 km?, 88 W B4y 207 1%
PO T AR 2 o I ND VT 7 325 45 B 3 2 1 AR
ik 207.44 km®, H oo 0 X 08 LA 145.64 km?
(FE4Ce) , B4CD)), 2 H A $2 O LM A5 DL L, 22
S, R, FE NDVI 7 i 48 5 4 i 7 2 B
i THI AR 2 3 [R) 4T S b o A 9 TEFR (254.39 km?) .

N

A

LRI .

.

&

L

)% 4 B

(b) B K M BRI T

0 10 20km 0 10 20km 0 10 20km
[— | C—
(a) MBS 285 AR R () BERLARARIE A W o3 A (©) PG AR A i

N Tavas
i e g

(d) REHLARARIE JRTR IE Fsy A
B4 FAEAEEZHMHBLBHEBHRNER

Fig.4 Extraction results in whole lake and part of Weishan Lake using different methods

() IR SR RS R A



LN LT Sentinel-2 §2 A% 14 BF DO I 5 B 75 18 PR IO 5T 1197

x2 FARAEMEEARERER
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Remote Sensing Extraction of Potamogeton crispus L. in Nansi Lake
based on Sentinel-2
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Abstract: Based on Sentinel-2 remote sensing data, we selected three methods, including Supervised Classifi-
cation (Maximum Likelihood Classification) , Machine Learning Classification (Random Forest Classification)
and Phenological Feature Classification based on time—series NDVI, to extract Potamogeton crispus 1.. commu-
nity in Nansi Lake in early May 2021. By using the measured area and distribution data of the Pozamogeton cris-
pus L. community in Nansi Lake, we analyzed the classification accuracy of the three methods during the same
period, and analyzed the extraction effects of the three methods for Potamogeton crispus 1.. in combination with
the Fractional Vegetation Cover (FVC). The results showed that (1) there was a significant difference in the
total area of the Potamogeton crispus 1.. extracted by three methods. The areas of the Potamogeton crispus 1..
community extracted by both Supervised Classification and Random Forest Classification were less than
100 km?, which were 98.97 km® and 75.92 km”® respectively. While the area extracted by the time—series NDVI
method was 207.44 km®, which was closest to the measured area of Potamogeton crispus L. (2) Both the whole
lake and the core area, the extraction accuracy of Supervised Classification and Random Forest Classification
was just about 75% , the Mean Relative Error (MRE) was about 0.5, and Mean Error (ME ,..) was about 20~
30 km®, while the accuracy of the time-series NDVI method was above 90% and the MRE and ME .., were al-
so the lowest. (3) Comparing the fractional vegetation cover, we found that Supervised Classification and Ran-
dom Forest Classification could only extract the Potamogeton crispus 1.. with high fractional vegetation cover
near the lake shore and poorly with low cover in the lake core area, while the time-series NDVI method was
more sensitive to the low fractional vegetation cover Potamogeton crispus 1.. community and could extract it
well in different areas of the whole lake, which is a potential method for Potamogeton crispus 1.. remote sensing
extraction. This study has some theoretical value for innovative remote sensing extraction methods of sub-
merged vegetation and guiding remote sensing monitoring of lake ecological environment.

Key words: Nansi Lake;Fractional vegetation cover; Remote sensing extraction; Potamogeton crispus 1.. com~

munity ; Sentinel-2



