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S FRE N T Sk F T A SRR LS L
WMFMILATT (2012) $EH—Fp 3T AT W RE
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Fig. 1 Study area and the spatial distribution of ground-based LAI measurement site
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Fig.2 LAl measurement values and the category of crop
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(a) 2002-07-01 W5 X AR
(a) The image of study area on July 1, 2002

K3 BE5E X IkiBor

(b) 2002-07-08 B 5% X 5L 1%
(b) The image of study area on July 8, 2002

AR (43 20 BA M)

Fig. 3 False color image of study area (4,3,2 band synthesis)
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Table 1 Information of remote sensing image

KU WBS BB Pt/ um 23 1] 43P /m
1 [ 0.450—0.515 30
2 o 0.525—0.605 30
3 s 0.630—0.690 30
ETM+
4 SiRAYN 0.775—0.900 30
5 LREA/ 1.550—1.750 30
7 LREA/) 2.090—2.350 30
— NDVI — 30
YRS — RVI — 30
— EVI — 30

s R R KRR T hitps : /leospso.gsfe.nasa.gov/missions/landsat—
7[2019-08-20]
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SZHFMEHLSVM (Support Vector Machine) &
Vpanik SEFT7EAT AT&T Bell SE56 2 M55 /N FE 1995 4F
P — R 3L T g2 o) B PR 22 ) ik
(Cherkassky, 1997), SVM F=E ke 325 A0 9 5347
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(eyays)s s () by n RUNGRREARADN R, « FE
ARUNGREEh AR, y AREARUIGER N R, 78
SR PO SN LATEL, SR i LR [R5 38
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FLH PR RBF (Radial Basis Function), RZEUE
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SERET ®)

2

K(xx;)=exp
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TEI, SRR AHE)GES . GHMSHA
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MR AL SVR CESEL (C, g, &), HEOL
vk E 1Y SVR R TR AR

32 ANIHEBEX

N T ¥R 7 ABC (Artificial Bee Colony) &
i Karaboga - 2005 4 42 H} Y — Fh A 4L SR 26 A 7
WG & (Karaboga 55, 2014), % AR

ELIE AR PN B8 AN T] A9 2 T M5 1 R S8 A R B
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N TSR AL 4300
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Fig. 4 The flow chart of artificial bee colony algorithm
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FEB X (9) FR:
v; = xy + ry(x; = x,) 9

A, ike,2,,NPR),je(1,2, -, d). k*1i,
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FlENG: 8
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Ju,
pi = NP2 (10)
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20— Y 3 R ) B A ) R R
PR P e e PG | ST fS , [AFEHR (9) FR# AR
WHEATH 2, SRR E IR, RIS P02 X 1
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A i By . TEMERFSRL B, DA S8 lima
TRAF B A AR BRI UCHR, Y5 | 40 e 0 R e
SEME R Z 5, B IR A R WOBGR B limat,
A E R, XN 5| R AR Sy T A 0, AR
BFERVE I N v, WA e IR0 (1) A —A
B A AR TH A -
X, = m]_in (x;) + rand (0,1)( max (x; = m]in (x;)) (11)
A, j=(1,2,-,d), x, Wit A ICRIES
33 AIEBEEZERAZHEERREE

TR R AT, XA TE] A ] U AR
Pt SR B RE R A P S B T A AR IR B R A
NGRECR , WRSHGEREARAIE, WSVREH
BORFNT B ST . B30T,
A SCAH FH ABC B %F SVR (B8 (C, g, &)
HEATRAL, AL ST, ABCE L A
VA T — 2, R3S HE AR R
MM F—A =2, HkHb T RE 41l
SVR B RURS B e U 288

53270, ASCR ABCHILRIL SVR =
B B BRANE

AR, BEBLRI 53 AS 5 S I 2 AR At A
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T H S5 T 5 | U B H 55 T NP2) , B IR AR S BT
e RWEL limir, DL R KiEARIRE Max Cycle, =
B (C, g, &) BYMUEIE R S5 N B bR AR
4 SVR LR AT YN ZRAE R k-7 238 JLEIE (AR S k=
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SCEE T PR 7 B kA FHEA, — MR
MFREARVERRE, HAl -1 DMEEARMEN . 28 X
WEE R B, BADFHARRBIE—IK, P34 RS
RS RAFE N B AR 45 R o A SO k-7 28 LIk
PMSE /|y, S50 0038 W R iy, 2 U 1 FE A

PR3, ABCHIESIIMGERF HTRE, 5l
SN SR IR AR, L I e R 5 | S R A T R B9
K, TEELLSVR SHOG R 8 iR 2, R
P iR = KNE B E S BUR AL E . Hha
B> 2 B 1 R B TR R B trial 5 Limit 1 K0S
FIWTZ SRR & L5, IFHE R 758 S 8U%
(07 B RIS 2, sk BRI AES B & .

HPR4, EEF3L, HIERREETRK
EARIRE Max Cycle, 057 E DAL E R S
HAHEM (C, g, ), BRI,

34 THAHE

ARG, T ERIEN T 5 4 SVR
ZRAACIIROR, #7380, 5 1 28 R iEAT
ZHRALIY SVR LR, 55 225 ABC FL ik L fb i
—Z B SVRELAL, BIXFC, g, &b —AS%uk
Pk, 55 325 9 F FH ABC B X SVR3 A et %
AL SVRERL, RIXFC, g, e 34-S4URInT it
TrffAl . 3R 7 5 A BERL 5 A RR
AH R A I 2R AR AR, AR 8 2 Bk M 43 B 45
R(527%), S IFEERE LE 2,

R2 LWSHRE

Table 2 Parameter setting of experiment

T4 % CIUEER g I & WG NP Limit AR EL
SVR — — — — — —
ABC-SVR-C C [0.01,100] — 30 20 100
ABC-SVR-g¢ g — [0.01,10] — 30 20 100
ABC-SVR-¢ & — [0.0001,0.05] 30 20 100
ABS-SVR C.g.e [0.01,100] [0.01,10] [0.0001,0.05] 30 20 100
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4 #5 R

41 RALEBEANSVRESHB LAI &EES

HRE 2 2 i SC I SRR B, TN TR
B SVR A28, IRALIE & S EOE IR 3,
A AT S BICINE (C=1, g=1/k, e=
0.1) (Chang #1Lin, 2011), ABCZH¥EiEfC4EH 5
ManE 6 (a) (b) (¢) Fim. bS8 C. g5k
AR B /NT 20 R, SVR SR X I 2Rk A 4
K FH 104738 LIS E 5 1) P43 7% 2% (PMSE) €
ST —MEU/NIREE, IS5 e BkE K
BAEA T 30—40 Y PMSE L [A) RE Fa 5 76— 8

B C ) LAT S 38 45 % ABC-SVR-C 56 3iF 25 5
K7 (a) (b) Ff7n. SVRERIEGIESS LI, Il
RN P R RR (BE) 55N
0.594 F1 0.630, M & %4 Jill 24 0.719 Fi1 0.727,
RMSE 4 0.161 F10.137. # ABC-SVR-C £ # ¥ jiF
Z5RE 7 (a) (b) 5K 5 (a) (b) RIS E
() SVR R Jig 35 45 S He 2 Bl 45, DI 4 Al
AR 4 0] 5 2R 4 I 2 T 0.087 F10.038,
RMSE T3 0.149 #10.135, 455 B 2 193211 448
B UEZE b He i R AU 0.719 #2551 0.745
£3 BSBMAUER

Table 3 The result of optimizing parameters

INHE . PAAR S 92585003 0 ST 0 5 DX 38 LAT 2 i c . 8
> b 1 K B Sk A IR A 4k
BOE SR 1 IEMER 2 8BRS0 iE s A S 7 ABC-SVR-C 4.324 0.111(#k3A) 0.1(EkIN)
7 ABC-SVR—g  1(%kih) 0457 0.1(3N)
551 2R LA 2 80ny SVR R R 56 UE 45 2R 4N ABC-SVR-&  1(HiL)  0.111(%kA) 0.037
K5 (a) (b) Fin, 28225446 SVR 25T R ABC-SVR 45.0904 0.01 0.00014
S5r 5r
4r 4t
+ +
+
w3t w3t
£ ’ :\E + + +¢
£ 1 +
fi 2+ 5 2+
+
+
boo# 1=0.594x+0.951 1 I+ 1=0.630x+0.878
#=0.719 #=0.727
RMSE=0.161 RMSE=0.137
0 1 2 3 4 5 0 1 2 3 4 s 6

LATSEMIME
(a) SVR BRI 4L 1Y 56 IE 45

(a) Validation result of SVR model with training set
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(b) SVR R 4E 1) 56E 45 5
(b) Validation result of SVR model with test set

k=1
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Fig. 5 Validation results of SVR model without optimized parameters

A SVR % R 4L 58 i 288 ¢ 1 ABC-SVR—g £
RUGAUESE R 7 (o) (D) Fin, SRS
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RRWT, AL T % oR 858 B S 40 g 1 LAL S 8 A
AU I S A sl 46 A 1m0 09 B 2k AR a0 Sl v
7 0.10210.029, #hiE REWABRKWEE, &

#]70.76510.735, RMSE T [%%10.144 £10.132,,
AL SVR #5155 PR #2484 & 1) ABC-SVR-e 155 7Y
BAEZERME 7 (o) () Fin, HREIAESEW
SVR AL BGUELE K5 (a) (b) HEATXT HL s A7 ml
5, ABC-SVR-e 51 1IN AH 5 S0 5 Ry 4230
MlH BT T 1, YR RIERBR B 0.594 $2
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F 3 0.646, YriE ZECF RMSE ¥ & &84k, H 0.728, YeE Z%h 0.727#55 %) 17 0.757, RMSE
S E IR AR B IE 25 R, 8] T AR 0.630 42 5 3 [ 0.126.
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Abstract: Support Vector Regression (SVR) method as a new idea in LAI inversion has certain application value and prospect. However,
the value of penalty coefficient C, width parameter g of kernel function and insensitive loss function parameterein the SVR algorithm have a
significant impact on regression accuracy. This paper proposed a method for Leaf Area Index (LAI) inversion using remote sensing images
based on ABC (Artificial Bee Colony) algorithm to optimize SVR parameters. In addition, the LAI measurement values were from the Soil
Moisture Experiment 2002 in US (SMEXO02) and Landsat 7 ETM + surface reflectance data at the same time. In order to verify the effect of
SVR optimized by ABC, this paper established three types of LAI inversion models with non-optimized parameters(SVR), optimized single
parameter(ABC-SVR-C, ABC-SVR-g, ABC-SVR-¢), and optimized three parameters (ABC-SVR),and compared the accuracy of the three
kinds of models. Based on this, we analyzed the sensitivity of LAI inversion model of three key parameters of SVR, and did a significant
test on the accuracy of the ABC algorithm optimized SVR model. The study showed: (1) Compared with the model without optimizing
parameters, the four models with the SVR parameters optimized by ABC algorithm had higher accuracy, and the optimized three parameters
model had better accuracy than the model with optimizing single parameter, the slope of regression straight line reaching 0.797 and decision
coefficient reaching 0.775. (2) The three key parameters of SVR have an influence on the accuracy of the LAI model, and compared with the
parameters C and g, the parameter ¢ is more uncertain to the accuracy of the model. (3) At the confidence interval of 95%, the P value of
difference significance test on the slope k, /°, and RMSE between ABC-SVR model and SVR model all less than 0.005, indicated that the
ABC algorithm significantly improved the accuracy of the SVR model.

Key words: Support Vector Regression (SVR), Artificial Bee Colony (ABC) algorithm, parameter optimization, Landsat 7, Leaf Area
Index (LAI)
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