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Fm 2 X AN [A] Y X ek o e 2 A A ek R
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SRS E R R MY R 2. W A
LA Bk 5 2 5 SRR B S R SRR LAT R
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AT LAY R 42 S ER AR AL L) S 2 B A B A
AR RN LB DU R S 2 BR T H AT A 4
AR K, AR 2% 0 BOR B 35 0 B 5 52 4508 O
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SEHR AN B A BRE 77 BT RO SR A
RN R NN - R R E s N D R P e
S, K 22 BT i B B R T A R Rk A
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BN, Rt B, H AT A BEAR 45 T s
et mBEE B A Y. A ERBE R EEIE S &
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T Al FORG BE RE Hr BE R AR O A LR
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Bl B K B T % B e e B b ny ph 2 1)
= S L AN S R VA AR K N N
AR BN SE A G OL T R LATRE 3R A5 B4 1Y
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JE 1R 22 I 1) A% 35 505 1) BP #4848 (Back-

Propagation neural network) # %1 | J& A T 25 [ 2%
2 BN T A Mg 5E G T
P25 P 25 AU A L, SR AT AR Stk ), AR, A
N PERR AR — RIS TR Rt
#HHT LA, Hob MRS 457 R ] Landsat )2 5%
FHE R BP 28 o £ AL BEAT LAT S, il 34
A (6] 5 B A RS BT T AL, IR0 M 17 HAR Bl A8 fk s
s fli v SR T GF-2 5 LR BUE , ff FH PRO-
SATL 558 25 £ BP M 28 W 25 450 0 347 LAT 3 .
B BP i 25 00 2 A5 AU 11 Bk o o AR WY 2, G )il 2
AR, ) B N R 8 e /MEAE o B DL R KR
(Simulated Annealing, SA) fx 5 09 B 8 J& H Me-
tropolis % F 1953 4F #2& i . 1983 4F Kirkpatrick %%
B MR R ok BAR T A BN G ST, R Bk
ST R 7 vk, v LAAR G5 Bk s R s /N L B P
153 4 5 fe/MAESY

K 2 TR A0L IR B 1) BP 8 ) 2 A
LS BN A BP fi 28 W) 28 450 80 SR i e D0 Ak 1 ) FH
HBEHULAR KSR R I 2% B A A B 25 ) il R 25
Gy B ARy 6 de /ME R T e BE R LAT I
VB o M AR FH M RTRR b 3 A [ H 2R SIS Y ()
FE X, DA TS0 T 30 m 43 395 22 32 ORI K 4 oy 2
fitt, 73 0 57 7 NDVIZ S B A BP fift 28 %) £ £52 Al
FIHE T AR LR KB 1L A BP 28 ) 4% A R0 D) b T
SN BAE S BB E PR T SRR B RS T, R
AT T 3R A MRS o IR JE R 2R TR HLR
B BP B 28 [0 25 A5 R S A5 B AT 51X 30 m %8
6] 3 BEAR LA B, s, 7R ST B9 Ik — 28
B5UE T SA-BP i 2 X 2% (1) 35 F 1 .

2 Sk KXAEAE

2.1 HREEHER

AR SCHE LT b e SR Sy A bR kb R R My
1y 34 FEEWFITIX, 43 5 & 5 5 2% 1Y Pshenichne ,
(Y 5K b Fl ik [ 1) Nezer B 98 X o 3% 34 #F 52 X M
TV Ml A5 b 6 S YRR AE B S, H LA 35 1) T
SR AT R O AR R R oK o J) A, MR
WA BIE 5% 7 vk 0 5l M L 76 3 B OT IX A LAk
B4 T Southwest B 5 X #4788 B (1) i — 25 B iE .

Pshenichne fiff 5% X {3 T* & 3¢ 2% ) Pshenichne %
1, J8 F FP7(7th Framework Programme) ¥ 54 , /1
O JE 24 B (WGS84) i 50°04'48" N, 30°13'48" E.,
FEN PR e R R R A, — H P AR
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5.8 °C,7 ARSI 19.5 °C, EXAE R K 2 622 mm.,
KIAEY) AL NE  EFERE, B, K%
— RIVRIEY , T RIEVF R Z i IR A
R VR R 2, b R A B 2

sk Jb 58 XA F o e A sk R sk de B
Mo ab Tt 48 v AL ER , JB T VALERI(VALidation of
European Remote sensing Instruments) 3 i , ¥ 5 1
DL (WGS84) A b5k 41°16'44" N, 114°41'16" E,
P XA T T R A R R R E T R 2R,
HE/REHZ W, KEEF GRS, & FE
Ko, g€ AT Ja A R Bl R KU AR R
I 3.2 °C,AE [ K & 300 mm Z2 45, H B B4R - 1
2897.8 h, HuJE HOAN A A, =R Fr s AR T AL
M B AR R

Nezer W 57 XA T 32 [E VG B 350 5 18 Fr 4 1Y 22 1l
B H o B XA SR A B AL B T VALERT 3
AL Uk s b R 50 km?, b S o0 &g
(WGS84) 2y 44°35'47" N, 1°02/30" W, 1% Ml X J& i
VR SR, R A RRAE OCUL |, e H
fIKF 22 °C, — DU 2R K LA 5 4R R 1 500~
700 mm, == EEAE B R DLAS R Ry S A bR

Southwest i 57 X v F 35 E 74 5g #6 , 4B 3T & 5
2, )@ T FPT k4, il b G 46 Ol 43°30'14" N,
1°10'15" E. H R ZEM G RIEY /N E  EX
Mim HEFEZMAEY ., ZMRXEREYS
Pshenichne fiff 5% X AL, 5 it Southwest 3 5 28 H
DA AT A5 TR ) 25 3 P 503

T R B T, A SR T2 IR Y
b T U8 0 5 4 T R AR LA 55 . ik b BIF 5
X 1 Nezer WF 5% X fif FH K VALERI I H e 52 4% B
B LAT M i i & 808 , VALERIIN H M 2000 4E I 4R
i KK AT 25 /3 3, 3 MODIS . AVHRR . MERIS
AL IRARTE Y LAT A5 2 BR il b 32 S50 4 E 47 &
SHE RS I s SRR B R T b T P T R B
4 8 2 5B 3R (TOC) F AR B 3 55 & (fCover) 4§
Bt GERE, TR T A N A 3 B 7 B IE
AU 5% X SE A5 40 A4 AT b 1 00 0 5090 , 3% Bt [ Sy
2002 4E 7 J & 8 J1, AR HU T ROl 2 BR B RAR A
(DHP) ; Nezer #F 58 X 3131 91 A4~ LAT M 1 ] &2 4%
P, AT ] DL 2000 4E 7 A 2 2002 4F 4 H 4R B
X A LAI-2000 56 J2 43 BT A Fi 2 2K 405 B4R ik
(DHP).

Pshenichne #ff 5% X. 1 Southwest #f %% X f#

FP7 350 5 W4 9 LAT Hb i ) i 54046, FP7 4 v K )
HRBHE W & TR, 2 B0 i 2 1 R R
TER TR, 0l 5 8008 25 A0 45 30 m i 43 SR A - i AR
16 % . M B B 3% (fCover) 0L & A A E 9
(FAPAR) KRR 3 (TOA) %5 848 %k}, [H]
FE T FH F AH G 3 3™ i 1) BLSEPE RS 56 o Pshenichne
F ¢ DX A 31 141 4> TAT Hi 1o 00 o o5, 50405 2K B [a]
M 2013 4F 7 H 2 2015 4F , BRI 2000 28 2R BT B
#(DHP). Southwestfff 5% X 311 28 4~ L AT M 1 )
B AR U 1) S 2013 4F 3K BT Rk 2k BR 8
F & (DHP) .

by TR AR A 43 B 30 m, MR OT R £
AN Hb, G 0 R SN LA S S A %1% 0T LAT
fH . A AR ITCN R — A b ) A 5, Bk
Z LA R Z% o0 LAUVE . s XK@ s 5
B IE B R AT R R R S AT K R R
Joi P F L ATURG B Bl AL 5 TR b T 00 et A5 A0 1Y
1596 VE R 50k i, FLAWAE g g A5, 34 R Z T IX
AR RS e R A AR 1R .

x1 BEEBEHEE—R

Tablel List of modeling data volume

W53 X 3ok FE AR T o E A X
Bt 40 7

Pshenichne 141 25
Nezer 91 16

1.2 ERZGHIE

B S A 6] o B R LAG 3 5 vk, T E R
30 m 43 ¥ A Landsat 7 F1 8 B4 18 S A5 B I 25 A
Al S5 1 A BRI Ml T S L AT R L AR S AR R
NN UL AT €/ T

Landsat7? ETM+ 5 Landsat8 OLI £ % ji% 1% J&&
AR B8 R 2 A 26 B 19 USGS M 3l (https: //earth-
explorer.u—sgs.gov/) . A 4 Hh T £5 H5 A B ],
AN RV BIF 5 DX 480100 B34 2 AN 58 4 A TR] bk b
MIF 5% X 38 T Nezer B 58 IX () B4 25 8 L7 ETM +
Collection 1 Level-2 30 m 4> ¥ A% 54 , 33T 6
AU B 1 b 3% 5% sk B A 9E X 1 PATH/ ROW
b 125/031, 52 A8 AR WU ] 2 2002 4F . Nezer BF 5% X
/) PATH/ ROW & 200/029, 5 1% 3% B wf 18] Ky
2000~2002 4F , Pshenichne #iff 3% [X # Southwest
ST X BB 25 78 4 1.8 OLI C1 Level-2 30 m 2» #E &
ARG, Fe i 7 A B BE Y 3R 3 2%, Pshenichne
iff 55 X /) PATH/ ROW A 181/025, %A% 35 BU ]
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i 2013~2015 4F . Southwest #ff 5% X # PATH/
ROW 4 199/030, 5 A2 4R BB 8] 24 2013 4F .

16 BOYE W 36 3K BT Landsat Level-2 Hi 26 [ 5
ROZEHE B 2o R A IE U IR R AR IE
BE UG 25 %5 L 14 10 I Ml 26 I 5 R 8 i 5, T B
122 b, 1T O S 5 SRS 2R AT UG A5 B e R
SRS - b TSI AT U8 E5 8 X, R R A I
5

3AN FEMFFTIX A, 5k U BT 5T XA b 2 55 2
¥k R M, Nezer #8 9% 76 75 28 U35 S AR b, W] 7 422 0
17358 X B9 LALAE 8, Pshenichne B 57 [X M
KA ZFE B 1, o8 T RIE AR B AR
T b 3% 43 SRR X BT 5T X Ik A7 L 3 B AR
DX T A G B i 7 5T X Southwest B FE
T R R R AEY) .

B1 BRZHRXtHEZSHE(20104F)

Fig.1 Land cover map of Ukraine research area(2010)
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1A T e B T AR AE S AR . (B BP A2
o 45 A5 70 R I AR 2 1 el i O ORR R B ST AE R E T
R i A b, A TR 5 WS FE A2, B B A )
A R /MBS RS, 7 HE AT B 2% 15 BB 2 KR AR AL
REREE . SRR X B ENANE I 2R

M B R P TT DA BP e 2 90 45 5 0 4 AAE A B BR
0B HE AT R, ek 2 JC A8 R B, DT B R A
Rl SR A R R A . B T BRI BP
T 25 ) 2 A5 Y | BB AT 280k J) 8 A /ML, 1T B e
AU 25 1 L D) 3 S G B
22 BPHZEZN KR

FE TR 22 I I AR 36 L 1) BP 28 W) 4% 55 7
N LA R4 2 rh i Bl iz e & M 4% BT
AR E A S T G R R S E i
B 5 02, 2 2 SRR, 78 Stk 4 s = g
AE B A5 30 30 R s b (&1 2) . 515
HEAYAH LE, BP fi 8 19 25 150 AU 1 A I 4 MR WO, 25 5
PEAF | A I R MR A — R A g

FE BP 1 28 ) 45 10700 1F ) 1% 1 1) o A o, %P
FREm AR T s A A E T L G S mA S
IV

net(i)IEnzW,-jX,—,u (1)
Y, =f (net(i)) (2)

SOt X AW O £ 6 RO
LA SR, Y AR 5
P 1052 6 1B 1 OB FE
e SR RO
EW)=5 30 S0 (-0 ()
W,=W,-0VE(W,) (4)
Hosb B AR5 5L VE () 0 RLIAR 2% 6 5 R
RT3, 510 L () F 0
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BNZ Raz

_/
ALFEW, ANEW,
2 BPHEZEMEREEHTER

Fig.2 Schematic diagram of BP neural network
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H2E U GR BGR BT 056 3 0 (R, 45 1k 2
2) o X 2 25 48 0 BT A BUE AR AE L BORAF T U R
) BP A 28 [ 2% 150 AU S5 44, 10 B i) BP At 285 ) 8% A5 A4
24 AT DL R R A 52 B 32 R AR A 1) S AR
23 EHBRANEE

BRAPLIR B S8 — Fiod R B AL R 2
X Jry A R B R, DAAE — > K i 25 8] DY
T E A . BEHLR KRR B AR AR i
TR T 4 3 v ] A o A AR kit AR S — Ak
[Fa] A1 R AL < DA — ) B T T B, £ B TR
ANWT T [, 45 M 23R 28 Bk R 2 A A 243 1) D9 BB S 4R
&R

BEPLR KB MR AR G —EHE T,
IR — A B RS B AL AR 4 3] 5 — AN RS Bl TR
AW R AIG, 48 2R 0 B DA 145 B AE SR A A o AR
Metropolis #E W R 78 W BE T B 17 7 1 4%
ol exp(-AE/KT), Hrf E IR T A RE,
AE R HEH KA k& Boltzmann & % .

W5 N RE BBk H AR bR B £ 18 B T b b 5
il S8, LR R S FE IR, X245 i i TR UEAT ML
FE A H RS T B bR R BIR 22 AE L LA R exp
(=AE/KT) #3255 55 1/ i " 00 1 72, JF 32 40 3
U, 2 TR BE B Oy B AR A B3 1 22 T A B Sy A
fiff o R AR I T A R RS O MR A ]
B B BT R B SR AR IR B 4 R AR AR 1
WS T 4 R B AR A
24 EFEMRANE XN BPHEMEIET

TR LB kB ARG BP A2 R 45 4R A (SA-
BP) S ARG LA T 6 08

(1) SA-BP i £ M 2% #5 R 5C B 2 B0 E - OE
W05 1R KR BE T, e 2R KR BE T, , B BLAE L)
GRS, TR R0 S0 d, B AR A AR B L
22 RE A E R R R AR

(2) P g b 28 2%, JT A7 8 A 2 2 B B AL A
WRAERUE , X k=1, LG H 47 (3) (5 EF .

)P EAEH RS R & A—=E(S’)-E
(S), HHES) MiFM %L

(4) 5 A0, W32 S E Ry 3 19 24 Ji g, 5 0
IR exp(=At/T)HesZ S J 8 i) 24 wir it o

(5) U 28 1k Z5 A by 3% S A 9 A 40 VA
32, T R SR A B B X AR O o R L 5 R
B35

(6)T'=T*d,# T’ >T,,, %5 (3) L, & W25

RO A P

FE BT R 2, BP 1 0 25 455 050 5 B 40LAR ok
AT, R R R A . AR
FE N 3 fi R .
2.5 BEFENFHE

A5 AN RS 14K BE TE M 10 35 AR R e E R
R*5 ¥ 75 fR1% 22 RMSE, & R*Z R i i I {5 Fn 52
DU 005 1S 30 1 D 3R 8, L B R Y REBR %0 1,
PR 4 8L ARG B . RMISE BIH MR AR 22, R
AR 00 {1 ] 52 B =2 i) o g mORR B, AR K

n 2
"X . ; Sy A '
M,Emmjﬁwﬁ,mwuﬁ,z

n
REE GRS 0 R BEECH . RMSE A /N, 3
AP ASE 760 1 50 00 1L [ 552 I {22 0 ) 0 R /N, R
BRI ] g

A CAEH R A1 RMSE B4 25 5 /9 K B 43 4
43 X A R B A ST A A AL R AT 0 2 SR AN 5
TR 6T 36 UE BR 0 HE AT A8 B HEATORG B TE A o
2.6 EEHHE
2.6.1 DBPAZ MR E S

VI Landsat7 ETM+6 4~ % Bt 2 5} 2 8 Land-
sat8 OLT 7 /4™ U Bt B 5 2 A Jy fi A8 &, b 17 0] &
LAT{E 1E i 1 A8 &, M8 K it 52 56 Fn i 25, >R H
Sigmoid #R LA A 1 35 bR, i i )2 R 2 M A
PRI . VIR STE 3 F 2l i Bl B T R, 4% H i
254 0.001, Il 25k 3% AR W £ 3 000 1Kk, 2 ) ARl
0.001, e 32 A ZE i i 2L e — )2
B 2 o LA Ml 3R B AR I B A Ry i A L LA
SN AR A B S AR &, Zhangbei BF 5% X fil Nezer iy A
2 ROk 6, 5 2T S8k 1. Pshenichne #F 5
XA AJZ W ESECR 7, E2 T SN 1.

Y A ADLR iy AR B — R 150 IR A2 4
PRI 1h % ) FH I 25 0 A X ol 8 ) 8% 30547 e 52 31 2 150
WA A5 ) 34 H B X 45 R B R
R EZYCE S BT
2.6.2 SA-BPAVZ M % B A 04 % 5

SA-BP i 28 X 45 BB AH 56 S 8005 BP #f 28 ) 2%
BT 2 40— 350, B B W) IR R 100, 2 0k R R
0.01, MU 2 3 50N 0.95, AL HE BP i 25 [0 2% 455 741
F A A Y BT, 38 AU X 8] R [ -3, 3]

FE A AR v AT DLAR K B (R ) A i R R
A VR RE R AT A3 0 K S 43 AR AR R ALV e ORI
R T 55 MLRE o B A 0 5 2% R B R AT, AU X
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P I EEES)
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5 . L PAEZR Exp(-At/T)
0 el ] s n
4 A
2 v 5%
il I S fER 2 HIAES _cur |
3 AL ES best,
G N 4 1 5
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MAM%
E3 SA-BPEEHRER
Fig.3 Flow chart of SA-BP algorithm
V) S A 70 2 0 A2 30 R 0E A7 35 5 1 2 I 45 1) 10F
N2 RUBCE YR RE )2 AR S
He R AR U R BRONE , H B R 25 MR AR F 5 X 104
AT E a
Wt A SHOE R 3 EE N A A A x
N N NI =1 z Sy Do = 107
145 6 2 53 00 A 24, 3 2470 380 34 2 2 5 =
DXORG 58 e B A T 2 ) 4 A TR
1073
3 HEREHH
31 FESH Lotk . . . .
ESH— BN O, i ] BP bl 25 0 2% 452 75U 0 100 200 300 400

1 SA-BP # 22 ) 4% #5175 Pshenichne #F 58 X 44 3
AT VNN, YRR 22 N E 4~5 i . 7]
DL Y, BP 5 0 45 455 10 1) (14 32 AR v B0 2 HL e &
K AT T8 B WS AR, T SA-BP 22 [ £ 455 5 g (]
26 R AR R A A = I Ok . 6B SA-BP
P2 ) 2 AT LAk 3 Ry 6 f /M A5 30 T S kG B2 Y BP
P22 N 2%
32 EIEBE

X 3 A 3 B o5 Y 3 SRR — Ml S X AT
A3 SN2, 4 NDVI 456 5581 BP i 28 0 45 452 1

EARREL: 468
B4 BPHHEZMEEN L
Fig.4 BP Neural Network Iterative Curve

FISA-BP 1 28 W 28 155700 A 194> 3l »5OF 1 45 A W58
DX AF I 114 854l S 1 AT HEAE A0 AT, 4 ) R T 3 b
BT i R BORE E . Horh . ND VI 28 56 485 434 8 ) SC
ik PG B X R AL R A R (A
EXOF
LAI=-1/2 A In (1-NDVI)
i Fi Landsat T 21 4 5 20 40 95 B i B 45 8 1
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Table2 List of modeling results

WFEE X 3% LTI 2 7 R? RMSE

102} ND VI 25 5 5 7 0.5862 0.9981

;HKH Pshenichne BP b 2 [ 2% 0.7836 0.7331

e SA-BP 122 W 4% 0.8625 0.5822

ié ND VT £ 56 £ 78 0.5363 0.5848

107 Zhangbei BP 1 25 [ 4% 0.7053 0.5171

SA-BP M2 % % 0.8962 0.3484

ND VI 2 5 5 75 0.5317 0.9141

Nezer BP 28 9 2% 0.7538 0.7923

10»40- s 1'0 1'5 2;) SA-BP M2 % % 0.8769 0.6530

EARREL: 24
Bl 5 SA-BP#IZM &I
Fig.5 SA-BP Neural Network Iterative Curve

NDVIAE K i AAE 5 2 4% R 1 Hb T 5200 LAT
PE R A, B GA PR TR R
5% X Pshenichne. 7K Jt . Nezer 19 & % A 7> 3 J&
2.906 .5.163F11.791,

R RME 20~ HE 2T ERMA R
FH 15 4l 3 4> T2 B0 5, SA-BP il 28 [ 45 455 700 i) 4
BOKG B = T BP i 28 W 2% 455 A0 Fl ND VT 28 56 A5 A 1
K BE, NDVI 28 56 86 80 £ 3 R 3 28 Y 28 BOKS 2 1 R
O FRAE 76 5k A B bk o RS B R AP XA R
H T Pshenichne 4% H 3 35 5 Nezer 28 #R 0 15 0% FE B
Oy A DL R B A% sk b R M A e S AR A o R
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BP Neural Network based on Simulated Annealing Algorithm for
High Resolution LAI Retrieval
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Abstract: The rapid development of satellite remote sensing technology makes it possible to obtain global large—
scale Leaf Area Index (LAI). However, it is difficult to estimate high-resolution LAI based on existing algo-
rithms and data. In this paper, four typical research areas consist of three research areas for modeling validation
and an independent research area for applicability validation including grassland, farmland and woodland were
selected. Field data and correspondent satellite of the areas were then collected. The empirical model of NDVI
vegetation index, the BP neural network model and the BP neural network based on simulated annealing algo-
rithm were established and 30 m resolution LAl data were estimated with all models. Estimated results were val-
idated with the Field data in three main research areas. The results indicated that NDVI empirical model has the
worst accuracy in the three main research areas selected in this paper. The estimation accuracy of BP neural net-
work model based on simulated annealing algorithm is higher than that of BP neural network model. The deter-
minant coefficients of estimation results of farmland, grassland and woodland sites are 0.899, 0.858 and 0.863
respectively. The determinant coefficients of BP neural network model were 0.763, 0.710 and 0.742 respective-
ly, while the determinant coefficients of NDVI empirical model were 0.622, 0.536 and 0.637 respectively. In or-
der to verify the applicability of SA-BP neural network, an independent research area was selected for further ver-
ification. The results show that the validation accuracy is high, R* is 0.842 0, and RMSE is 0.689 5, which shows
that the model has good extrapolation ability. This study proves that the BP neural network model based on sim-
ulated annealing algorithm improves the generalization ability of the model, effectively prevents the BP neural
network model from sliding into the local minimum, and it is an effective method for ILAI estimation in high spa-
tial resolution.
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