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Abstract

Wetland vegetation is an indispensable part of wetland ecosystems, which plays an important role
in climate regulation, flood storage, drought prevention, etc. Effective monitoring of wetland ve-
getation is essential for ecological conservation. However, the application of time-series remote
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sensing in wetland vegetation monitoring is limited by the complex growth environment of wet-
land vegetation, the unclear physical characteristics of different vegetation, and the high cloudi-
ness of coastal wetland areas. By increasing the time weight limit to achieve temporal matching,
the interference and aberrant matching of vegetation phenology can be avoided by TWDTW (Time-
Weighted Dynamic Time Warping). This paper explores the applicability of this algorithm to the
classification of wetland vegetation in the Yellow River Delta and compares the classification re-
sults with traditional classification methods. The study shows that the overall classification accu-
racy of the algorithm is 97.56% and the Kappa coefficient is 0.95. The application of the TWDTW
algorithm can effectively classify wetland vegetation and reflect the spatial distribution pattern of
wetland vegetation. In addition, the result can meet the needs of wetland ecological environment
monitoring, resource survey, and management etc.
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1. 518

T = AR P E R RERREAES RG], A P EVREROKIEMRE N S A2 2
Wi, FERIPAEMZAEE. SRR RREL R S AR S T EEAEH . IR B A S R b
AT sy, BAAREATRME. BEPIRE . SHOKRE RS YEE. AR 2 3 A B AL
PRI T, BV, A i, HERAEN G NI AKX B R AE, e DA 2 38 K
SERT ISR . TR B AR B KA EE W B AR AR SN, HArEHE K250
PRSBSOS 4E B B ) [ 2] . MEAR A K A YR, AR IR
FOLMEPARHE, BEA 2 RE R AR IR E, MR IR AT DRI E A SR 2 a8, sk
T 18 B, X RO SR T AR I TR AR B . BTN R AR AR A A 25 RAE A
S5 T R AE A H BB AR F[3] [4]

B 8] V4% (Dynamic Time Warping, DTW) & —Fii (8] /3 ZI AR AL B B v, — 4238008 DTW &
TN FH B8 BRA, AT R 55 SR A 8 M A R AR IS T TR A 7E[5] [6]. Anihiie 5555 AT DTW
PEESIETF NDVI BB T 22 2L X R3S 2 [5], &SRS AT DTW BE B (1 7 AR DL 75 724
BOKFEIE RS R[7] [8], 3MUEHA T DTW HIETER P @ IR G 7 K7 e . T DTW BiEA S
i R LU G, — S 2 3 5 H I [R] I AL (%) 3l 45 ) 18] )= %2 (Time-Weighted Dynamic Time Warping,
TWDTW) 5%, BIFE DTW SL I EEAl B30 7 IR - 1 MARUS %8 A\ 2T TWDTW S 82
FRELT B T RAE D 1 23 8] 43 A1 45 B[O, BRMS S5 N KT TWDTW JiEH B s8R AR 43 F8 R it 7t
[10], ¥JUFBHT TWDTW BUETELRAMEY b G &t B, & FEETHEANZHBOLIEEES
) LAT S5 K AN S B 25 7 SR AT IR MR 4 20288, 9 M PR HOAEL A 23 2807 VA TSR (DT) 3 SR 48 X 4%
(NN)VZE. 8L EIE(GA)SF[11] [12], BfF T REFM R, (A kminddR s R, XKt m =
RSP [13]. N TWDTW SEBEAT I 0 RS, 7l ifi, HEET TWDTW Jrikfeimit
T 73 AR AR 72 oA WAH DGR IE
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S LRI AL TR By, S NHEKYD SHgFEsh ISR Er o, 003 XA MM oK R iz
T, IR Y)Y ER A 2 AR[14] [15]. AHT TR il 2570 4 5 Sentinel-2 f21%, T TWDTW SLER)
MR CEAT 202, PRV VISR IR A 1 SRSV E I, AP e IR A ) 7 A B, SE BN
T X AR A A (8] A5 2 5 o A AR AER A T, SN E A I BRI A PR A A
il 5RFA AR -

2. MREXBASHENA

T = A INEHL(37°37'N~37°54'N, 119°00'E~119°20'E), 7T 1L 44 & & i BA X #i C A0,
by AR 5 MV R VAL, 2 e [ I VR W 7 5 P A K I IX [16]. B L XA E (s G an Il 1 o
WX SRR A, VUi, 24P 13 CEL, F- P FE/KE 550~600 =K, FMHE . 2
AP R R 2 R0 S S, BRI = A R E =K = A, RIS A
PPN, B30 = MPNEH AR N2y 30 7577 ToKMith. BAEKET 2010 4500 )5 4
1R BN S = A PRI, BARK B B = AN B TP o AR RS e M R — e B [17]. B R, 1%
[X ok 78 M4 9k DA B €K % (Spartina alterniflora). 2 (Phragmites australis). A%4i(Tamarix). LA 2k
T 3% (Suaeda salsa) ¥ .
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Figure 1. False colour image of the study area
1. MRXEEaZG

g fe-2 5 (Sentinel-2) [15] T2 XUR BTN 5 K, AT LA At BERR T HEAT B4 R 2 61 il
1%, PRAEZH PR G . RIEFRTHE, M RXERT 2021 £ 1 AR 12 A &R0 R
1Y 12 18 Sentinel-2 L1C §21%, EBREFAGE B ILE 1.
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Table 1. Remote sensing image information
%=1 ERTERER

e A JRAB I [R]
1 S2B_MSIL2A 20210116T025039_N9999 R132_T50SPG_20220207T134727 20210116
2 S2A_MSIL2A_20210220T024731_N9999_R132_T50SPG_20220207T125742 20210220
3 S2A_MSIL2A_20210322T024551_N9999_R132_T50SPG_20220207T131000 20210322
4 S2B_MSIL2A_20210406T024549_N9999 R132_T50SPG_20220207T135949 20210406
5 S2B_MSIL2A _20210506T024549 N9999 R132_T50SPG_20220220T015901 20210506
6 S2B_MSIL2A_20210526T024549 N9999 R132_T50SPG_20220207T141311 20210526
7 S2B_MSIL2A _20210605T024549_N9999 R132_T50SPG_20220215T121551 20210605
8 S2B_MSIL2A 20210725T024549 N9999_R132_T50SPG_20220207T142638 20210725
9 S2A_MSIL2A_20210908T024551_N9999_R132_T50SPG_20220215T120239 20210908
10 S2B_MSIL2A_20211013T024649_N9999_R132_T50SPG_20220215T122843 20211013
11 S2A_MSIL2A_20211127T025031_N9999_R132 T50SPG_20220209T093151 20211127
12 S2A_MSIL2A_20211227T025131_N9999_R132_T50SPG_20220207T133441 20211227

3. MIRFE

3.1. DTW E%

DTW [10]& —Fi i &= AN (8] /5 S0 AR UBE I 7%, el R ELE T F 38R0 Bz /G B
REETTI, o kB e N 2 Beis .
BT A=(a,8,,,8, ) » B=(byby, by ) HAKFES A p Rl g A AHE—F55 21570 NDVI
P4, B IR K AR HE NDVI A, a,a,,-,a, AR5 KBTI AH T NDVI {H,

by, 0, -+, b, A —IEHRE OGS S AT NDVIARHE(, p=0q=12. MIEILRC AR M . M

JEER My =o|(ai,bj):|ai—bj o BB AL L= (1,0, 0} P LIS kK ATE ), =(my) o

R IAR TR AL T I =A% AF

g

max{i, j} <k <i+j-1
L =my,, 1 =m;

A =my |, =my WO<i-i"'<1,0<j-j'<1

L(11)=m,

L(i,j)=min{L(i-1j),L(i, j-1),L(i, j)}+m(i,]),i=23,p, ] =230

DTW(AB)=L(i, j)

¥

pxq

k

()
O]
3)

(4)

®)

R4 DTW ByLJEEE, 1R IR LR AR 21500 5 SR AR SR HE NDVI R FIARU R S, W45 028
HI14 705 AR I FRAE NDVI 7 HIULEC. DTW B 7 VLR~ & E a2 Bros.
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Figure 2. Schematic diagram of DTW timing matching
E 2. DTW B F LR EE

3.2. TWDTW &3

TWDTW [12]5E7E DTW Sk 2EaE B 5| N T B [RACE K 7, 25 £ 2I7E 22 i AH 28 8¢ UG A AH A1 5k
T SR PR BRI [ TRD B AN R] s T 5507 S A ARADU P AR I, 3 3 439 oo ) S B PR ) Sk L PP DL S,
SRR I TP 5 5 01 = WL R . B 55 A= (ay,a,,++,a,) » B=(bb,,-,b,),
HAPEG 50 p M go A K550 1870 NDVI 731, B IR AR HE NDVI 251 a,a,,-+,a,
IR R FAR IO BEI A9 NDVI A, by, by, -, by A3 — U 44 %8 S8 L NDVI b £
p=q=12. WHEICAEMBEBMEREM, , M, H7GE
m; =d(a.b;)+ao(i, ) =|a -b|+e(i, j) (6)

Hrp
.. 1

(i, j):W )
(i, j) AIZ RN AR 1o I AU PR 70 9 2 Ak I () AR P 55 a2 AR R I () B B, SR
[18], s FH 32 6 5 i ()RS B DA - S ARG FE R T e P B TR A B IR 1 o 3 5 I (RS IR ) R BBORR MR G, X
TEUE BN TR, 12 AR A [RIRCEE DY 4 1 LA A BN TR A T, TR T B UE ORI TR
B BORI AT AT S, PR )AL R R Tk 25 25 /0N DI TR i SOR B A5, I BRAIG 17 st
RAERE, ARIT 0, MutBZ B RIRER T . o MR T, HS5HEEREA I, EBOC U IT
e T O 222 S PR R 18RO, RS AT KB ] pl T 503 T ) ) — P SR PR e AR K e 2 5, kb ik
7K. g(ti,tj)?ﬂ*ﬁ@ﬁﬁﬁﬁ*ﬁ%ﬂ%ﬁl‘ﬂI‘ﬂﬁ%(%?ﬁiﬂ, B — MCHUT ] 7 370 B AR ()79 R o %o 3% A 2R I ) A
HRHT, oMl B oRMRERBEEERMF S . a=025, B=170. XEWRERT/NT 170 K] HL /N
AR ET, TP RT 170 R R BBCR AR T . Bt e g Aeid Ay L={,,1,,--- 1.} » FHH LAk
AIEEI =(my) -

k
XK BRAR T2 T =AM

max {i, j} <k <i+j-1 (8)
L =my,, 1 =m %)
R =my, b, =m, MO<i-i'<10<j-j'<1 (10)
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L(L1)=m, "
L(i,j)=min{L(i-1,j),L(i, j=1),L(i, j)}+m(i, j).i=23,p,j=23.q D
ulp
TWDTW(A,B) =L(i, j) (12)
5 DTW SHEAL, TS B0 800 5 SRR AR HE NDVI FRRURIIERZ A, 6523 2K
Bou 5 HRA LI FRE NDVI 7 SIILHAC .
4. EWINES 34
4.1. BAETSLIE

ffF SNAP 5 ENVI B % i A 138 AU EA TR S e b . RAHFIE. JUMREARZIE . BHEERIE
I FRAL TR BRAE , A ) 40 HE 229 10 m ) R A NIR J% BX[19]. V9 — 1k M 4+ 2 (Normalized differential
vegetation index, NDVI)FH K sz BRAE 47 AS [ B (8] (40 (5 R AIE DA R FE SRR A ARRAE . THE2A5 12 BFAR I
NDVI 8, 73 2 12 I A NDVI K JE 5% < 4 25 A ) NDV LB BCH I [R] 5 Fe R, 45 21— 18 22 3B NDVI
WP RA8 . W 3 Fs, Ar A RTIALERAS 2 1) 2 i AH 1E B EHE AN BT s NDVIL 7.
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Figure 3. Schematic diagram of NDVI sequences of multi-temporal remote sensing images

E 3. ZEHREREG NDVI FHIREE

SR FEIX IR AT LR A, BEATREA S £ . PRUERERHIREA S 2] I3 A AE BEAN I FEIX A [20], K
SEREND. PR TAOREL, PRV I (EIEE) . KA R . AU FURT RO AR e, 5 R85 2RIK
M, WORE KR AR 970 I 5o ERIBRGE IR R R LA, HH DL Y HH b A2 A2 D B SR B B AR
HZBIAR A 7 WA BRI, ek e H 5 Eh il e 3 08 — KRBT 5T . KA 73 DI R A 5 e
FEAS . K S RIR A VIR A AT I (I 5, 18 815 R AR E NDVI P51, Bk s A T
JRERREEVEE . S IR AR AR NDVI P8I TE 4 s . BiRELEInE 5 fios.
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Figure 4. Standard NDV1 series for wetland vegetation
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Figure 6. Wetland vegetation classification map for each method
6. & EIEHIE 52 E
] St R AR A IR UEAE AT FIR DU Fh 73 07 AT RE BE VP, AR 2,
Table 2. Accuracy of wetland vegetation classification
2 DA SR
VA ~YIRrS FhIE A P HACKE  NEHGHHBE)  Kappa RECS SRR
MREE 2015% 93.08%  79.73% 100.00% Kappa &%t  0.6402
ISR I8
P E KSR 69.96% 91.40%  81.56% 64.96% SR R 79.86%
- FREE 8205% 98.71%  86.11% 99.90% Kappa %%t  0.9398
/N B A2
B REE 86.55% 94.71%  87.05% 100.00% SRS R 97.16%
AR 79.35%  78.13%  72.32% 99.96% Kappa &%t  0.8504
DTW 432
B RERE 7823%  91.28%  56.30% 99.96% SRS R 92.35%
FFRSE  83.63% 98.64%  90.65% 99.89% Kappa %  0.9505
TWDTW 7326
HEPREREE 91.33%  95.68%  88.01% 100.00% SR B 97.56%

7 2 WA, B RIASR 25 M2 25Ky 79.86%, Kappa R %0 0.6402; f/MiE B /32K Ak 4y 2%
K5 97.16%, Kappa %4 0.9318; DTW HiE Gk 7 K5 N 92.35%, Kappa % %47y 0.8504; TWDTW
SR NS N 97.56%, Kappa REUCN 0.9505. MAEACRE, e KISR > 2154 F5KE 1 H R HAR,
TWDTW S 143 2855 RAERT 70 X IR S IR A 4 () L P ORS B2 . A= R FE 38 L DTW B 49 2 4 L 22
s TWDTW HE )5 2845 B 5 /NI B8 0 JRE BE AR 2, R R P oo

T DTW ik, TWDTW 50355 58 3158 B AR AL ]IS, 4 7 IS A 4 (0 21 AR ARy
o FIBI MGG T N R — ), TWDTW HEAMY & 3 1) NDVI JFFIRE R, i H 2% R E F
F, A R R b 2 S O I R, B R S R T R R R R T AR AR AR I 2R 5 L R Rl
ML, eI X oA KA R . Ban, BN, 235 BEAOKRE/E NI VR s A, —4F
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P T W IRRE N IR, NDVI AN H s BMIE NDVI EHIE-EH s LA BAEK
EAYEILRROR, HIEE NI, TR SR NDVI H O TR, 258U, TWDTW
SRR B2 M3 IR R AOAS [A) APy PR, B e ) R VAT R, BB D F T B VT = A I 1 0 A
G338, TDUA SR m AR o RS B, AENRHIAE A 4 R B BRI S I 7

X TWDTW BE5 2K, B sl R B R A HACKEL b BARKEAE TWDTW SBIEMH RN
90.65%, “EF KRN 88.01% . 4 B A& B ALK EARWHZ 7 A M AR AL, SRS IR & 28 H
DATAFAHE, DGO RALEAT A 72, IR T B SRR LA, B “HER” LR

X RE R ) TWDTW B, Goik S 10 /A AR . Uit U B GRh b Bz ) 7 A o) 32, B
2 S FOIREE T A e R T, T AIA S 268.47 km?; HAEKEIRZ, SARTH AN 60.57 km?, £ SR
B ARG TR A o R 8, B AR AR N 52.16 km?, E BT TR HREVR EG LI, 2 25 0 A5 T AR
Be/b, N 4440 km?, FEFMAG T IHFE R R . LS R DU IZHX S EE . IR, AR ST
J7 R v] S5 B 3%
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TR B AR KRS A, SRR G 2 MR AR AN B S, AR IX 2 %5452, TWDTW &
AR VIR HAE R R AR RHE, RS AT B X AR KRR AT A, B R, RIS AR
W, BARKH . AR 2021 4F 12 I AH Sentinel-2 3B A%, KT TWDTW SE3HT 37 = /A M
TR R 7 R L . A6AE, TWDTW SE7E 350 = A PR HURE % 70 SR RE S I8 BB IF IR, st 3
SRS R S, R BEE TR IRRE E 28 — BT SE 42 28T 0%, HLAS AL AR B HE S B M R A (1)
[ ATA% e, AT DA b B SRR . AR TS T TH I T 2. I A AU A kP B A
KL A S G LR — P el FE R 1, N AR B E BRER (R SCH%,  AATT A OR SERT = A IR R )
AT BbAh, A SREE R “BEL” Kb H “ RIERE T RAIAN T B, 5 S R PR
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