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Fig. 1 Location of the study area and experimental design of winter wheat
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Table 1 Vegetation indexes and formulas
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Table 2 Optimal indexes of band combination (n=32)

HEF W BALA SCSER R i fi 22 HIK 8

1 R466—R750 855 249 342.099 6 0.000 4
2 R638—R734 258 907 310. 688 9 0.001 2
3 R538—R754 231 899 394.227 9 0.001 7
4 R542—R754 110 238 396.857 1 0. 003 6
5 R510—R742 109 380 317.201 4 0.002 9

T R FR BB R

Note: R is spectral reflectance

1.104
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1.00 A
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0.90

1 2 3 4
Number of feature band
E2 #HARREBEZE(n=32)

Fig. 2 The curve of root mean square error(n=32)
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(a): LAT 5 NDSI #J R*; (b): LAT 5 NDSI ) RMSE; (¢): LAI 5 RSI ) R?;
(d): LAT 5 RSI ) RMSE; (e): LAI 5 SSI ) R?; (D). LAI 5 SSI iy RMSE
Fig. 3 The determination coefficient and root mean square error of vegetation indexes and LAI (n=32)
(a): R? for LAT and NDSI; (b): RMSE for LAI and NDSI; (c¢): R? for LAI and RSI;
(d): RMSE for LAI and RSI; (e): R? for LAI and SSI; (f) : RMSE for LAI and SSI
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Table 3 Correlation between cotton LAI values

and vegetation indexes (n=32)

H B I R
NDSI_OIF 0.653" "
RSI_OIF 0.677" "
SSI_OIF 0.405"
NDSI_SPA 0.711**
RSI_SPA 0.712*~
SSI_SPA 0.652" "
NDSI_E 0.728"*

RSI_E 0.728*"

SSI_E 0.722"

NDVI 0.659"

RVI 0.683" "

DVI 0.518**

Voo RORI 0. 01 KPR IR, * AL 0.05 KT 8%
PR

Note: * % means the correlation coefficient at 0. 01 level, * means

the correlation coefficient at 0. 05 level.
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P, BB ERE TR S LAT A G HE T . VILE>>VI_SPA
>VILF>VI_OIF, B, & BEHAG R ER B WWA S
P AR A, JEORIE S LAT UG M B2 dee v 0 I B Al 45
I VLE 5 LAT /%M 56 fie i (r>>0.72) , {H J& H A #EW
NDSI. RSI # (£ B4l A& #6 b 2r Je i B, SSI s fE i Bt &
BN T LT AN BE . SPA A X i B 4 A 7 0k B I B 4L A K
LT A B AT I B 3% 5 R AR SR I I 2R AR A i A
BRI BE— 30T, HL SPA REAT R bR R R Dk B U A 5 B
B R BR B A SR BUR RS B . BT VI_SPA WA &% F VI
F. 1fi OIF 2% 5 J5 i i B =22 1) /9 36 & ok A, Boim (%, HL
T BB T 2N B R . TE LR Y 5 R
WA ES LA e, Ho, VI_E, VI_SPA, VI_F
Fl VI_OIF #5¢ 2 B 5 19 43 1 J& RSI_E, RSI_SPA, RSI_F
H1 RSI_OIF, NDSI 7 % Fh i Bt 36 B4 8 8 40 5 LA W
MR Z, SSTRAHC R B AL, JRBETE TP K4 /N2
ST 2R . MiwE G H LAT 4 . i T RS X AE B
LA A I U, SRS D BB T A A A Y RST 5 LAT (9
AH M f e , NDSL A1 SSI R T X 4 3615 5 A8 10 e B ffok,
T T4/ 0 B AR B SR AR
2.3 mit LA AR

BRI 1 FAE X 2 ol h ik, 43 45 & SVR B
%I, PLSR #{RI DL Jx RFR BERYIEAT HEA . = Rl R 1 2 50k



%3

FLERANAE - Jo AL 5 O 15 e B3k 456 1y b T AR B

937

BRI BONME, I FEX 3 19 LALSEATAE I, 2% #5270 35 T
RN 4 PR . EREBD k1 Matlab 52 8L, o
SVR R 1% 2 8O0 42 1) FERL R B0 AR 2 B0R 138 B ik
W0, PLSR AT ) M 80N 3. RF ML) mery BE Y
R g As AU F 5 AR, ntree B2 N 500, HIE 4 ATHI,
A1) e BEAE 5 7 sCH 45 B0 22 0 LAT A I v S 4EL X
A AR TAT A Al 0BRSS o X bl [ i e B %% Jy ik

M AT B P8 B0 SVR 578 | PLSR 4878 F1 RER A5 (4 45 I
¥iBE, VI_OIF _SVR Eifl VI _SPA PLSR #i7# VI E
PLSR A1 F1 VI_F_PLSR #8704 £ 00K B o5 o . if — 25 L
PR A MY, Horp VI_SPA_PLSR R K B I
B R? £ 53k 0. 75, RMSE £1%0 0. 90, %}t VI_OIF_SVR
R VI E_PLSR B f VI_F_PLSR %, R? 4% 955
0.15, 0.06 F1 0. 08, RMSE 4 %I{% 0. 56, 0.03 F10.13,

99 1=1.04x+0.96 P 91 3=0.71x+1.89 P 97 y=0.63x+2.03 P
8 R*=0.60 e 8 R=0.55 8- R*=0.50 P
RMSE=1.46 2 RMSE=1.20 RMSE=1.14
74 7+ 74
ENE ENE ENG
g E E
5 51 = 51 < 57
2 2 2
2 4 2 24
2 3 2 3] g 3]
o o =
2 21 27
s s
[ 2 (a) 1 (b) S (©)
0 — T T T T T T 0 — T T T T T T T 0 ———T—T—T— 1
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
Measured value Measured value Measured value
99 91 97
7=0.93x+1.55 - 7=0.86x+1.53 7=0.87x+1.08
81 R=0.75 81 R=075 87 R=0.69
74 RMSE=1.45 74 RMSE=0.90 74 RMSE=0.95
3 2 6 2 6
s E E
° = 57 = 57
2 2 2
3 2 4 S 44
B B B
& & 39 & 31
21 2
(d) 1 - (e) 1 - ®
T 1 0 T T T T T T T T 1 0 T T T T T T T T 1
8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
Measured value Measured value Measured value
91 91 9+
=0.79x+1.63 =0.79x+1.35 - =0.67x+1.99 s
81 =065 81 k06 81 ° r-066
74 RMSE=1.17 71 RMSE=0.93 7 RMSE=1.09
2 6 £ 6 ENE
s Bl S
> & >
] ] 54
£ N 3
._‘5’ 41 g 44 % 4
E 5l 3 5] 8 5
a. (-9 [-M
21 21 2+
v s
1 -~ @ 17 - (h) 1 (@)
0 — T T T — T — T 0 —T—T—T— T 0 ——T—T—T—T— T
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
Measured value Measured value Measured value
91 99 9
»=0.92x+1.91 s 1=0.74x+1.68 7 =0.72x+1.81 2
4 . ] | )
8 R=047 " % 8 R=0.67 8 R=0.64
74  RMSE=2.02 P = 7 RMSE=1.03 74 RMSE=1.11
£ 61 2 6 2 6
g E E
5 57 3 5] 3
2 4 S 44 S 44
7 B E
& 3 £ 3 & 31
27 2 27
s . s s
17 - ()] 11 - (k) | U}
0 e e—) 0 e 0 —
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

Measured value

Measured value

Measured value

4 FRKEBAEGHXE LAIERER (n=16)
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Fig. 4 Results of LAI models with different band combinations (n=16)
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(g): VI_E_SVR; (h): VI_E_PLSR; (. VI_E_RFR; (j): VI_F_SVR; (k). VI_F_PLSR; (). VI_F_RFR

L EFfik . AT VI_SPA_PLSR BRI & /N % LAT 45
S o AR U BEAL A 3. A 2081 I B 2L B B
FRE RS B, T DR 7 T 25 € R 400 X 40 00 U B LA 38

WAL ST ZT A0 BERLAT i S A AR . SPA Ik S 210 B
B 0T £ A0 i B HL A R AR b 9 B O B i) By TR o [ I
T SVR BB 4551 N 7 e 4% o6 B BB &2 %% . T PLSR



938 ik 56 4

%42 5

ST WU ] P AR 2 43 B R 840 43 B A R AR R AR AR 1 1 TT AR
P, Blam A7y 2R /22 56 J2 6 1515 B AL FRAR 2k 548 15
FAPE®S . T RER SRR AR e 50000 < s Blad 8065 AL 3 v 4 4K
R BB BE 758, H VI_SPA_PLSR #5714 4k M A B AL T 3%
fb A,
2.4 ZINFELAISHHE

FIFT SPA B 1 (9 I Be 4 & b @ A W 48 4 454 PLSR
BT fZ i & /N4 LAL, N 5 firs . W S5 ol LA H, AT
FEX A LAL A AN TR, FEIX 1 FIBEIX 3 K3 4: LAL 4b7E 2~
720, HEEX 3 LATBSE TREIX 1. FEIX 2 19 LAT &2
KEBIE N 4~9, BRI, FX 2 &/hE LATKHEMT
FEX 1 FIFEIX 3,

1 16°2§34"E 1 16°216'36"E 116°26'38"E
Sample area 1 Sample area 2
. .
<
2 1S
by s
¥ 0 10 20 3om A N
— — Jo-1CJ2-4MM6-7
[1 Measured sample i -2004-607-9
116°2634"E 116°2636"E 116°2638"E

BS5 &NELAIZEASGE
Fig. 5 Spatial distribution map of LAI in winter wheat
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Leaf Area Index Estimation Based on UAV Hyperspectral Band Selection
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Abstract Leaf area index (LAI) is an important parameter to evaluate crop condition and crop yield. In order to effectively
utilize hyperspectral information and improve the estimation accuracy of LAI, the best band was selected, and the new two-band
vegetation indexes were constructed. In this study, winter wheat was taken as the research object, the UAV hyperspectral data
and ground LLAI data were obtained at the booting stage. First, the successive projection algorithm (SPA), optimum index factor
(OIF) . and each band combination method (E) were used to screen the best band of UAV hyperspectral data, and then the
selected best bands were constructed into the new two-band vegetation indexes (VI_OIF, VI_SPA, VI_E). Then, the new two-
band vegetation indexes and the conventional two-band vegetation indexes (VI_F) constructed were compared and analyzed for
correlation with LAI Finally, support vector regression (SVR), partial least square (PLSR) and random forest for regression
(RFR) were used to construct LLAI estimation models. Meanwhile, comparing with the estimation accuracy of the conventional
two-band vegetation indexes. the feasibility of ILAI estimation was verified by the optimal regression model of the best new two-
band vegetation indexes. The results were as follows: (1) The newly constructed two-band vegetation indexes VI_ OIF,
VI _SPA, VI _E and VI _F correlated with LAI were all at the significant level of 0. 05, VI_SPA and VI_E correlated (+>>0. 65),
among which RSI_SPA and RSI_E had the highest correlation coefficient with LAI (»>>0.71) ; (2) The accuracy of LAI
estimation of winter wheat based on SVR model, PLSR model and RFR model constructed by VI_OIF, VI_SPA, VI_E and VI_
F were compared and analyzed. It was found that the VI_SPA_PLSR model had the highest accuracy and the best predictive
ability, whose coefficient of determination (R*) and root mean square error (RMSE) were 0. 75 and 0. 90, respectively. The
research results can provide technical support and theoretical reference for the band selection of UAV hyperspectral data and

winter wheat LLAI estimation.
Keywords Unmanned aerial vehicle (UAV); Hyperspectral image; Band selection; Winter wheat; Leaf area index
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