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ERMNEFINHBEEEEREEZIARER

£ &°,% 8.4

LhEp R BERMAFAN ERNFEREATRE, L

'K K

100101 ;

2P EPHER BB, LR 100039
3.pEREEE MM LB TP P L, LR 100080

W =E. EReEF 5 (MODIS,NOAA/AVHRR, SPOT/VEGETATION %) A K KN W& E B #
B AARHNENSESTRBAA T BN, REFHRANERRERZ - B TFTHRB . ZERXRSE
W, BT B P S SR AP E T E AR S AL AETRIIBEER I, GRAASKBBRERTE N
FKPIHARAN I REEHTE (BT B/ ZREIEXTBRE K7 KBS  Savitzky-Golay ¥ ETHBEMEEH MR
FIGGHTE)RPERHEE A AL RARRSE, SELUMERNAFIBEERFETFEL - PUH

Z&to
X@iR: BREEFEYBH.ER
hESAES. TPI51.1 XHIRINE: A

[l

1 3

i B & [6) FF 3 $3E (MODIS, NOAA/AVHRR,
SPOT/VGT W] FF 3 45 ) LA &, ik s A K i
W (K&, 2006; Ml & RMKHT,2004), +
5 K A% % (Bethany et al., 2007) , YHERHE RG] 5
5 BB (Xin e al., 2002) , E E N A FHY DB
Ak %t GPP FI NPP Ay & Wi BF 57 ( White et al.,
1999) . B ERFEMR EF-LERERZ —.

HMTLEEBRBBBHRE. B . KEE&H%
Hu, W RIFFIFETENRAE, R TENEA
M i (Gutman et al., 1995; Cihlar et al., 1997), H
N AR L AESR AR ERBRE EENE
FF5I (AR EHEH,2006) , R T A BHHETXA M
B, ERR T E i (BUIA%,2006)

2 EEREEFIIREEREER
544

2.1 BREAHZE(MVC)
MEFIEAREEZABNGRENS . &

W58 B W3 :2007-10-14 ; 41T B 3§ : 2008-02-20

KAE A ¥ (MVC) (Holben, 1986 ) 2 7 4= JiR i [8] Ff
FIdBF A X —FMBREETE, EHBEESL
B, Bz ZRAE R AR, H I aT LU
E—BEEN,EE-LATHRFE-IBRERRE
W R, R E B bR %A B X — i )
BN E R DN {8 (UM S 16 80 RA FEF A,
F£ NDVI BRI RN MM B AEH, HBHELM
XE B B (8] (5] R , K5 18] B PN P ) P 4 AR B K/ HE
F.REGEGCNERNFIITZARKRE, ETE
FEAE 7= i [8] - 51 80 4% 7= i 25 B = MR 75 8L 6 Rk 48
REERAER, HLENATAFPBIANES R
B ARERABRKESRER .

2.2 BERYMERDE(BISE)

B AETE BORH 3 $2 B ( BISE ) A Kk B5F (6] /7 3 o
RRB(RERE)TTREREZREZRERKLE,
RERBUAGARETHRERN, BT LS H AR
RREKENIF, 8Ok B & B B4 iR
M R HERFINPHRE, X—FB8HF 2 #
ST, — & Vievy % (1992) I WEHBAE L, BN R
Lovell & Graetz(2001) & H BB =, Viovy %43
HILL 10d Jy )RR, 2R #0387 0 2R 10, 20, 30,
40d, X AR R 30d LBEEE, BRAERER

ESWE - EXRERMELZSTE (S5 :40601069) ABBA ¥ EKEH LR FFHUEE (55 :03000300649)

E—EEWN:FE K981

), 5 P EBEREBRN AR AL, NE RO ERE A RIS,
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ERRMARE N, T TR A F SR A
BHE, RERZREESH X —ERERHE T
BHEHR A

2.3 HEaEONKENERE(TWO)

BRI DR NEE R (TWO) 2 Park &
Tateishi( 1998 ) & 1§ FI sk T & NDVI i 8] 51 i &
FHEE, ZEETUEXLHBBENRLT, (U
AetRIFSIA SR BERzMRKSEmW, X
F3ABRB: (1) ALK NDVI AL F WMAE;
)E-NTAEEONLEHRITHESL NDVI X
PR (AR E ) s ) E—ER N,
S EBTIHE L NDVI AME T R R NDVI # &
K. ZFEHECEERN RSO KD EE,
Park & Tateishi E XKL KBPHBHNE R B R 4
Fi 10 d & i NDVI ¥ 38 i} ,4—5d B@H‘j’lﬁjﬁ Ing i poj
7. BAZURKELREEXESH . HBA
RERFABRKHOAREN,

2.4 BETIAEXFREO MW & HHUE % (AGFF)

FT 4k X FR B 30 R SO ik (AGFF) B i
Per S57E 2002 4 18 i i, X B 75 1% B SC7E i [H] 4 258
B —BRHB/ME X |5 R EE X E, AR
LSRR, B R TR 116 0B O X — X (8] 34
Mg BRELLRUSHEE KREMEGER
B BEHERASEUEERE RIETHEER
ERGYUMNENELHE BROZIFH2RE
T, UMK R E , B AR o (B Y B A M S
BHEBEEHE

2.5 Savitzky-Golay 3 i ( S-GF)

Savitzky-Golay JE 3% (S-GF) KB HNE L X T
(Savitzky & Golay,1964 ; =3 2 2003 ; Chen et al.,
2004) ,¥F £ % & X € # 17 B0H U A B8 By BE L
RBHEBTHEE, XFHTEERK NDVI B[ 75
BE G5 T BT 1 3R 17 7 B9 K S AR AL B B DL R R EB Y 2R
RS, BBt ] | 2 6] R ffs /R4 R
#lo MEHNEFERHERNERZBEHTOK
MIERE, BTSERRERREB, AT EFEA
3 B IR A

2.6 ETESMEHSAHNRIINE
ETEHMBEY M ERT B E (Sellers

et al., 1996; Immerzeel et al., 2005 ) 1 5 i I 5 #7
#: (Harmonic Analysis Algorithm, HAA) , ¥4/~
SEBEE R R R R K — RFIR (IE) 5E M
BHHEM, B RAE A —REMEAMNHEHE. ¥
XEEENIBERAEMERE R —FEROME,
B—-BRTERENEFIMEANSTED LA
—EBSK. BHTF-EMASEAREET —E
ENENHE, BELLBHEEE, XEEF B4
FARAMA, BRENN, KNABR ST E,
EEBRMNEFINEBNEEREZ —

2.7 RWMBBXEMEE(LMF)

JB 38 B KX {H #1 & ¥ (LMF) ( Nagatani et al.,
2002 ; Sajia et al., 2007) St Z Ab B H 76 4 B - gh
LS (EE) AR L%, AR R RN
EHABERAR, A EAN2 5 HIEES
BRI RS (EHE), 2 /MHBHERN
(3EBEEAH) K A, B 4 HkH PR A
1, W05 A X 6D 36 7 30 7 B0 3038 A e O T ED
min(max(A) , max(B) ) , AEAER o0, BB L5 1
M, 7R e U S B R A 4 FRAL R, fn
REERAEAN, SEMEN TR, EYE K
BN, EH A REEN, BNES NS
B Il 4% 451 o Ok e B R RO D R 2R AE W IR £
BHATHRREE . ERKT BT AR X
B 7 I A — 2k S W, 4R B R R R R
5L R BT

DA b AR 2 T2 A IR R B 48 0
BROGRBAEE, BT BAMESREEE™
2 L 1R R 51 3088 B 7 B 18 Bl K R AGA T
AhOEMTEERERAERRER FREES S
BAREFRBOEE, F A ET U RIAA
7 ik A B e B, R0 2 R T I B B 2 9
ERGHEAYBERES,

3 ZXFRVBWPERBENERK
i
3.1 ETEXNBEHAMMA

B T 3k X R 5 7 R B A J7 3 (Per et al,,
2002 ) fif I 4 B i 5T R R (T %) S A AR U B3
MAK (R R, - HERR-RHEBEEREY



F R -ERNEFIIRFREEEERERESR 337

BEFELVFREEZSSHUGHMER, THHE
FrlERE. HEBRED N XERR, HBUE
(local model function) F1 B {& i # ( global model
function) ,

3.1.1 EXE#EN

BT B R ¥ A e (8] R 5 o b ) 3
MEER KSR/ NI RENKE, R ERE
1 ARME, 55X R X H#TEEE, BX R
EHERXE - . HXEEHLRUE (HRERE)
BMR.

B B P 3 o 328 U R ) X IR A B R R
BB FRAEZ R, 5% X E AR ESs R K.
BR e [X fa] 42 B A, 0 A AT B4R VI A, Per &
Lars (2002 ) 38 1 ¥ 3h 36 57 11 5k S5 UHHE F 3 2
WHEE ., EFTEXSEREAFTA (0, ng) ,IRE]
BHEORIKRDR(n, + ny)o BOPLRERSH
ERAARBANSERS SBEEVE KA T X6 E
YR A 5] B0 15 R B, S 100 T 3B A O — R AU Ko
BRAXFWMMELWEREFRER, ZEBRK,ER
B3 B K 5 B WEAHN L
3.1.2 BEBiE

Flo) = {a(t)fL(t) +[1 -a(e)]fc(e),
B(t)fe(e) + [1 -B(2) 1f(2),

Y1 5B B ( cutoff function) a(t) ,8(t) B2 HE
MAE(e, +2c) 72 F(eg +15) 72 HIRE

B RAE R F(O)RRHBE MBS HE
WM ER T —, Per %(2002) 3838, REGX RS
B IA OSRNG0 2 R BUE A R RLA B9 T 4R, B4
i {1 FET X 30 S (8 7 5 FE 0L AT 2R WO T MO (A A
B2k BA BAFHIE FIME R A VE A R R
BT E SR UL B % TR A X SR B, (0
A O LRBUR T W HRE B AR, 00 5 s
BB T, 302 LAX S B4 P A 4, TIE.
Aot F 5 L0307 | 3 ok (o 7R A 5 4 LR SRR A
T 58 BB X (8, Per %5 (2002) #5 it , 4 il it 14
Ik P 51 814 W 44 2 S D SRR BRI

3.2 Savitzky-Golay I i¥
Savitzky-Golay I8 A AR,

Hzm Cin+i
v =y

E X FEHT R ()
f(t) Ef(t;cl9czaalv.“ya5)
= ¢, +c,8(t5a,,*,ay5)

Hrp.

ool (52 e
g(t;a,,a5) =

exp[—(a' _t)"5] , M < a, )

KBS, ,c, REMEHHEENIRIE 0, 5
WHE] ¢ SIS B, REMA B RERB/PMER
18 ;a,,a,,a,,a; 75 LA N ML 0 5T E M
IHE(SHARERBEAXNR). X4 IMSHE
i #0545 R 2 AT 888 B 3E X FR 4% 4 T B JE] 5
KAE, HBOR KT M B ok 15 o {8 48 53 33 R0
sine F1 cosine R £E .

3.1.3 ®#hE#E

EXERUEGRBCBA L) S () fiult) 53
MNEA—-TRAREXBHRHBUSEH, RELEL
PR P /IME X (8] B 2 AR /ME LA R B A R
MERLEREL BB, ] B, MR
AR

My <t <t B
M. <t <ty

KR Y R4 NDVI [ R S41E,Y" & NDVI Wl 418,
C, % i/~ NDVI IR B AT 9 R B, N R HBBK
HUSTRIBANEE2n+1), BHj £
JEgh NDVI UH IR, BB ALEH (2m +1)
Moo BFEAR LR —-FHEHEE, B2 42
B MR BB, — R m, BB B E O A R
Y3 25 35 5K 9 TR 2, eI K YR 0 ET A48 B O R 1Y
R EALGEFHEE, BHRETULERHE
ESGEE, R R B, B T A O
HEATHE T3, 2SI m AN RS m BB T
S5EE, 0 REHHE RS G R SRR, BT #
et (6] BB, 7E 3C#k (3 3, 2003; Chen et al.,
2004 ) w8 F T SRR I KR

T E A B 45 0 R SCHR (328 B, 2003; Chen
etal,2004) I BEENSIAT “BAEHE
Fr B HREEHS AT EA N EE T, ®
ERERBFAPBETEL, XHEEY R Y
EPELERREMSRLAGHEENEHRBEL,
“WEAHBWETF F,EXR: B LRGN EHE
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T F,.
Y (N - N))*
o=

N*' B NDVI 53 k KA R/ BIHEFLN £
JRYe NDVI{H, L B3 “ WA EA R HHE
BAENABRABESINT S HGH RN
F,RAamTF&AE BE8IL:F,, =2F <F,,.B
BRLF, BRXIVWES HEMEERENRE, 5E
B RWEN FEX-FIANUSESHE
BATBREENEE.

S-CFHERATHE 2 HASH(BHEART m
MEIRAKE) , BT KB B R F &K NDVI 3ig,
FEHSHERBEMT BISE, EFR(2003) 51T
HHARNERBRNORRBRES N (7,2),
UERATHBRRBESHEN(3,4). BASHEY
BEARELGSHARHEMLERERGEE. ERF
BT T LAA B R BR 2 B A NDVI B S4E
AT ABRFAEWERRS, oA A
SR K ZOR AR, T T AR ERE. SRR
JEE 0% R 2% B O LA AR BB G JR B Y B SO L
REEHIHTLHR. HERFEE2FHFALTEK
B —FREMAS KM NDVI B9 i i F 51 %
RIEFEEYE KRR E; 75— R B T 8RS R
NDVIEEXBEAI BB BRI R MU R K. 75,
BT ik FURE N 4 (8] BE A R R S IR IR I E L, X
ROHTEFRSERN .

3.3 MEMRBSRIAZE

HEH TR ERBFAHEUES(ERE)PA
FEMOMAUEREMARE THRZ®, 0HE
B #]4 (Olsson & Eklundh, 1994 ; Menenti et al.,
1993 ; Andres et al., 1994 ; Moody & Johnson,2001) .
Sellers Btk (Sellers et al., 1996 ; Ak 2 ¥ 25,2006 ) 1
HANTS B B ( Immerzeel et al., 2005; Jakubauskas
et al., 2001, 2002 ; Roerink et al., 2000 ; £ M %,
2005) %, XEHEFERAR/D _REMUSEELR
BOERE B ERRERBR B, LRBER
KEBUEMREBFIEZAN. KBEETI
AB/N_FBER G AENEENHRREE C,
CH2xm-1,1)HRE, EHEEHE(HHE )R
BABEEESE . m HRDMREUEHENER m

K, USHEARE R, BREAN L, Rl fEE
BB R B LR ER, AP BB R;m H
I 7 A I R OF 3, HR A

Seller Btk R7ZEM Bt JREER R BEK
Bo LTI ABE, #05L T A8 ALY 58 BUHE R 45 8
B mEEmeE BAERaMRKEmE
ERBHELE NDVI MR EMYUGHE, Bl —E
MR, N RFERERNE RENEXREES
5840 MR, NETUEBAIFUSANEEY
AR MERKEMSLIBPRRBEL. FFEZ%E
EWREHNEENAR, ETERARERES.
Sellers 4 (1996 ) B 3 5] A B9 E BUAEN :

0 u U <-kit
[1+(U, +r)/k]* W -k<U <-rit
) 1 | -rs U s
[1+(U_)/k]? £ U, > rif
O<sW._ =1
ﬁwmﬁ{
OsW,_, <1

Af,U = (Y- /M MBEESHUAEZERN
B B, JR AR 40 R B (B 5 A {EL A BE B REARL, 3X —
FHEEEHAREAN, BEMGERAIBPTEE
SURAFEREEEEEYAHE, ERIERE M
HSEEZERMEKR. XMEHLT, mREBE
BB B 0T AR AT I MR 7 A B BR T 4k 22 R B
EEHlMERlE. MRERBRE G, RS AU
MESHAHEMEMHED L&D, HKEES(2006)
ZEWFgr sh E 44t 10d NDVI B ] FEF 8, 35 i Sellers
SERLAEN B Al R B . X ME N 3 EE A T AR
bk, X S o (] () B A B O B TR R S BOCR R A, X
o) FHRITE Sellers % E R BMRITFH By R
HERsiE TSR, X sh AR S HTRE N
HEAZ NDVIHEARMS.

8 B3 B o AT R R B 5 — R Bk . HANTS
(Harmonic Analysis of Time Series) /4§ tft 33 {8 B vt
A 1k (FFT) AR 7 4% ok B R 0 8] 8] B& , 1
PAAE 3 R % i) ] 5] B 49 B 48 FF 3 (Roerink et al.,
2000) , B 7E K K il % 6 fI 9 HANTS 2+ # 2
National Aerospace Laboratory 47 & 3¢ ¥ M # %
HANTS 3441, BRGBHTERTERASITS
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BOHEPBENRBBMY S RFRE(FET), B
BEBHEXHISHERLR AKKNERA BT
BEAAEHE, XCHERIATARITHEE, R
ETEEM S ITENERZ—, [, W6
B, UK R BRI R IR, A Rl A 3
308 H B L&A R E , HANTS 3544 14 5
MAENRERFERGE@EN, BT RARME, L
Y% B 5L A4 K o 98 B, M TR we B kR A
MR

ETEEH SRR TEEEREETERM
HHREERRE, LEEBMAARAFRESEARAEK
FME S, R BE R BB AE KT R WA
R, A A R R 7 B0 B ) s
VB 4% U 3L 25 T8 b 4y A AL 1) B 2R A AR
BB FER(HKE,2006) , X2 HAFEFRAATL
Ry

4 TEIFMRESE

M TE SR JE] PR B B AE B ORE LUK, REAFAMRE
AEFIIEEEREREL , EHRABREE—
BOARIM T %, CATERF AN ALK
HARGRKE, TERIALE:

(DBFFEATME B B LR M mE R
RERGIKME HRER, RAEHEHLH S, E
R A 4R AT B B B X R R E R B R
FPEEZRHEHEREEREBIE,

(D)BRTEPINSHERSEKRKERER, 0
BWHEAATPRER ERUEE LRGN ER
( Roerink et al., 2000 ;3% & ,2006) .S-GF £ (S
2£, 2003; Chen et al., 2004 ) . LMF ( Sajia et al.,
2007 ) .3k % FR & {785 ( Per et al., 2002) F I EHE O
KM ERES, XBRNATHRESH, EEF
FHERWEXRN AR SE, ALEEERT
APTAERTHR, A FREZBRESE, EMUKX
FRR-SRECEZ 5 LEAT, ARG PEX
B A HRRE 20 38

(3) B RITIE DA M AR AR 17 48 e 0 B R A
e R R W TR L . B0 B4 T b AUE
MfE, FENREEENRET AR B PR
AHBERER Y 6B 3T ARk b X a3 Bt 3048
F A R G R T, XS

PR R AR R,

B30 & (LA 0 £ o 1 X0 A [R) B R OF & 38 A
FTROBOE R, MR T E A A S5 S
AKBHBEVREFEEREALFEHAR,
Savitzky-Golay JEB EH B R BB P LA 6, 3
ARG E KA EHE B RRPHRF. XH
ARERUGHRN AN EE , AR KE G L
MR, T RBMIRLL LR, R4 B E P
FIREREERTRE A, Bl RE\EARB
R ASUSE B REN T, B LR ERSHAGHE
& XTERRMABEZ—.
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Review on methods of remote sensing time-series data reconstruction

LI Ru'? ZHANG Xia ' ,LIU Bo'?,ZHANG Bing’

L. Institute of Remote Sensing Applications, Chinese Academy of Sciences, Beijing 100101, China;
2. Graduate University of CAS, Chinese Academy of Sciences, Beijing 100039, China;
3. Center for Earth Observation and Digital Earth, Chinese Academy of Sciences, Beijing 100080, China

Abstract: Remote sensing time-series have been applied successfully in various fields, such as vegetation change monitoring,
phonological (seasonality) information extraction, land use dynamic classification etc. It is one of the most important data sources
for kinds of research work & engineering project. However, due to the effect of sensor, cloud, and atmospheric conditions, there are
serious residual noise in time-series data. Therefore, prior to further applications, it is need to filter residual noise to reconstruct the
series. Many methods have been developed to solve this problem.-

In this paper, the following methods are summarized first, including Maximum Value Composite (MVC), Best Index Slope
Extraction Algorithm (BISE), Temporal Windows Operation (TWQO) , Asymmetric Gaussian Function Fitting Approach ( AGFF) ,
Savitzky-Golay Filtering ( S-GF), Harmonic Analysis Algorithm ( HAA ), Local Maximum Fitting ( LMF). MVC is more
acceptable than other methods because it is useful when producing remote sensing time-series products. But the products are the
primary ones and contain much residual noise. This method is helpless to reconstruct the series further. In fact, the data needed to
reconstruct before applications of the products made according to MVC. BISE uses a sliding time window to capture local maxima. It
requires the determination of the sliding period and a threshold for acceptable percentage increase. TWO can reduce the noise caused
by cloud and atmosphere without auxiliary data. However, the requirement of the parameters from experience limits its application.
AGFF and S-GF are two strategies developed in recent years. LMF, compared with HAA, first filters noise and then reconstructs the
data processed.

Then three most frequently-used approaches, AGFF, S-GF and HAA, are introduced in detail in terms of the basic theories,
application steps and advantages & disadvantages. AGFF employs more than two combinative Gauss-shape curves to fit the series.
Every combination simulates a cycle of plant life. Finally, these combinative fitting curve are joined together to represent the
reconstructed data. By this strategy, every combination is independent. AGFF which is more flexible than other methods could avoid
curve distortion. But the parameter, the running window used to find a consistent set of maxima and minima, is difficult to retrieve.
Thus it makes the further process less reliable and steadier. S-GF is a process of smoothing and filtering in essence. Two parameters
control the result; one is the scale of the smoothing window, and the other is convoluting integer. The two parameters are all
obtained depending on experience. Meanwhile, a new variable, fitting-effect index is introduced to control the iteration stop. It is
more advanced than the other methods which terminate the iteration by a given threshold. S-GF has received more concern because its
product can clearly reflect long time trendy and local change information. Meanwhile its products are less subject to special scale and
remote sensor. HAA is a term standing for a methods set which use harmonic to fit data while simulate the seasonal regulation. These
methods make use of sine or cosine to fit the data and simulate the seasonal regulation which is much concerned. Two main methods
of HAA are Seller Algorithm and HANTS.

At last, some comments are given, discussing the defects of the approaches, and which aspects need to be improved and how to.
For example, most of parameters needed in these reconstruction methods have to be decided by experience. Thus subjective errors
from operator would affect the reliance and stability of products. So new strategy or improved ones need to solve this problem.
Key words: remote sensing time-series, filtering, reconstruction



