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LGS, FEAGSE LAL AP — & BRI . ITEE T A
WAL, 458 G AE AN SRR A SR M A KRV B F
FORWIE 2, W R IR RS SORRHERL S, T LA
ARARFAES, MRS BUIEE B SR
FE, E AN A E B SERRE HE R R A
HiRZ, (HEMSEIEY LA 7, H USRI
Z iR AN 2 SR A S SRR F, b XSO EE
TEERRA . B, AR IAEAE B F8 B A gl
VeV M T LAY, (HLE IR 5 £ 2 e AL
QAL THEMAREUN LAL Al 50532 125 b 5 SORRHIE L
VEVIE 35 PSR R, SRR RHMIE . QORI ORI EY
e AR AR L G 5 LAT BE 10T 5%

Zia UL B RAPE R R, A B R B =
T HER T AN Z ISR, I8 6K RE e 2 o0
FRE AT H s FoR @ H g fa 4, DU =80
FREE S5 KAE LAT ARG, 458 6B, S5
MUEE R, ML IR G HIKRS LAT f5 55,
PLIASR = KRS LAT SRS
1 #MRI5AE
1.1 Rt

KA HEHRIE T 2018 45 7—8 AR eVl g
RIGUE (44°44'N, 127°12'BE) ##47 (B 1) .« RX)ER
T ORRE MR A%, PRI LN 450 m, - FME N &
£ 500~800 mm, FF¥JS i 3~4 C. RHBENLIXH %
THEAT TR ARG . it AR A B R RS R it — TR R,
53 BE WA R 2 5 AT PR UGB RE B AR g . R
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Iy BENEANRENE (R L5l 5:2:3. MEAESE RN BERE A
B JREFIGIRREY, BHIRE HME P,Os A 46%, #
N &N 17%, JREME N EAH 46%, MR E K0 &
N 50% (UL EEE¥ARESED o R 5 FEn
AbEE, FERRERACERA 3 IRERIRK, IE 30 MFEX,
AFEX RN 50 m?, W HE ARG 4 S AR 6 5K
e d .
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W =X
N Study area
Z l\‘“u;_q ‘ Poam, Z
o § o
- i \‘z.\ -
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7E: NO. NI, N2, N3. N4 252K 0. 79.1. 90.5. 102.3 #1115 kghm™ 5
ANRIEAKT

- 0 15 30
O M RAE X

Ground sampling area

Note: NO, N1, N2, N3, N4 represent five nitrogen fertilizer levels of 0, 79.1, 90.5,

102.3 and 115 kg-hm?, respectively.

B 1 AR R E R TR R
Fig.l1 Geographical location of study area and the ground
sampling areas

1.2 HEEERIRE
1.2.1 @448 R

AT T 2018 AF/KFEHRTHA (7 H 22 HD FidhiE i
(8 A 8 H) 2 /M4 & W1 R4 T /K HE LAL %dli,
I 60 MEEA . LAI-2000 & 45 5o~ S H AR Fe %
(Plant Area Index, PAD) , SEFr 28 LAI MR
FIEH (Woody Area Index, WAID) , X}TF#MHEE,
WAI ISEmER, AR PAT H#E AL LAIMY, KA
J& TSR B, WAL 525/, LAI-2000 7R 4E
49 IR f ek J2 ) B LA R g R IR R 26
LI-COR 7 & 4 77 1) LAI-2000 H 476 )2 0 A A & LAI,
P A] 9 b 2F 08:00—10:00. %W 5T AE AN FEX B —
AP 25 588 — HAEA XARR R 1 b SR SRR X
W, BAEKIBAEA R X 3T LAL e, ®&A
KREX R 3 AL EIFiC s LATE, B3 Y& T 1
EREFEX ) LAL fH. BASREX N EREE F7 R 1
MRZIE, WENERE T8 4 N B FRE, FEJ7
1) LAL{H 1 LAI-2000 H 7 B3R5 O 1 ik 5 K RH G
S ORI B R ZE A, B R AL B 10:00 2 AT
BRI B, DR R R XS, RETER
S B o P 20 5 R 2 A7 R e A B
1.2.2 % REHBEHRRELE

I 58K F K 58 M600 Pro /S iE 3 i M e TE AWLIE 3

MicaSense RedEdge™3 £ J6ifiHHHl. KEE M600 Pro 7~ JiE
HEmtERe EANEBCR ATRBIRERN 6 kg, PASZHRK
R 8 m/s, HIFE-10~40°C IR T TAE, LM
25~35 min. MicaSense RedEdge™ 3 Z i MHLIHA 1 -
Lk 4L, LU3A. ATALA S ANBBL (R D, AR
7. EEENI RS (Global Positioning System, GPS) 15
B, MicaSense RedEdge™ 3 /&35 H MicaSense
A FAERI KL 26BN, ReR EI R 5 A
AEESERERE A, SRV  400~900 nm, #E 5
NBiE. MicaSense RedEdge™ 3 ZEHATAESS I, REfgiA
FIEFRP — Al . AT, s s T H TR IE
KBHCEAA S AR IE 52 s GPS AR [R] I 0 % 5F
KRG ERES:, AREFEENRFREEL, TH
ReXf AN FFFATRLE
£1 5 EEHRE

Table 1 Multispectral camera bands

B W B K LRV 3iS g ETHRSU %

Band Band Center Bandwidth/ Whiteboard

number and name wavelength/nm nm reflectivity
B1 % Blue 475 20 0.71
B2 %k Green 560 20 0.73
B3 2] Red 668 10 0.72
B4 213/ Red edge 717 10 0.66
BS IEZL4 Near IR 840 40 0.71

HdE REENT )2 2018 4 7 H 22 HA12018 4 8 H 8
H, RAKBETLz, WENT 3 %, &EE&TLANL T,
P TE AN B T & %4 ML 1] 9 8: 00—10: 00,
NRORFAR SE B AR 1, Hh s BN E SN
80%, SFINEEN 75%, EMLAEL 90°, WAT ML BE
9110 m, EUEZ 73 #8239 7 em.

N2 RS A B S R B K U i 5 R R 3 B A
Bir i, xR TCANAR S AT IRk s Xk S
R FAAR AT TAL B, K4 5248 T N Pix4D mapper 31,
WA SE, R A A R S S T AN E
SENLE M R4 (Position and Orientation System, POS) %%
W AT 2 =85, R S S e AR AT
Vi A8 e, #FBNZAT 78 X TEANLIE S 2 i Az,
1.3 ZBRIBFIGFERE
1.3.1 Aot A

W PR (Vegetation Index, VI) REWEIHL.. 3L
i RE B R AR ORI, AR FR B S WU A AR T L
AL ANE B SS T E se2 [A 22 R 4e s, SR
HREHETE — & 461 N ke R AR KR . 1
— 1k Z {H M 9% #5 0 (Normalized Difference Vegetation
Index, NDVID) X} £x oM R BLEURK, H 4 T LAT A5,
EL7E R B 78 5 0 v B R IR RTR A, 6o A e A R, A
FERF#E; GNDVI AL BUCE NDVI FFIZLSBL, X
ka3 a BUBUR T s 2 {H B 48 %0 (Difference
Vegetation Index, DVD) . f&1E =M BIEE (Modified
Triangular Vegetation Index 2, MTVI,) A fb 13+
T #% 6 %0 (Optimized Soil-adjusted Vegetation Index,
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OSAVID) HEMs PR BRI PREE 1 5 55 5200 X 5 R 52 i«
242 FE %0 (Red-edge Chlorophyll Index, Clgg) 5
TR P B SR R IR T B i EAH oM, B8 S N A A
AR AT FEILE 6 5 LAIL AHK IR O 7K
& LALBEATAE S (R 2)

*2 EHEERRAR

Table 2 Vegetation indexes and formulas

TR AR SR
Vegetation index Formula Reference
A — A Z R A 2
Normalized difference NDVI= (R — Ry)/(Ry + Ry) [16]
vegetation index
f{%%?i@%ﬁ%ﬁ#ﬁlﬁ MV = L 2R —Rg) = 2.5(R, — Ry)] -
Modified triangular - 2 _ _ _
vegetation index 2 \/(ZRNIKH) (R ~5/F;) =05
ZE(HAE RS
Difference vegetation DVI=Ry, — Ry [18]
index
oAb e
RS osavy < +016) X (Ryy —Ry)
Optimized T Ry +Ro +0.16 (19]
soil-adjusted
vegetation index
2RI R AL
Green normalized
GNDVI=(Ry; — Ry, R
difference vegetation (R = o)/ (R + Rs) [20]
index
ARULIESS i/
Red-edge chlorophyll Clie = Ry / Ree —1 [21]
index

E: BRI Re, Res Rrer Ram P AIEARER. 40, 4030, EAAMNER.
Note: The subscripts Rg~ Rr~ Rre~ Rnir in the table respectively represent green,
red, red edge, near-infrared bands.

1.3.2 SORAFAEIRIR

FEJUM SR VA, WK EIL AR (Gray-Level
Co-occurrence Matrix, GLCM) MIRSFE /341 . 7631758
SHRIEJG, A ENVI 5.3 B iH 8 2895 T GLCM 4L
FRARE{E, BF5H{E (Mean, mean) . /7% (Variance,
var) « Ph[E M (Homogeneity, hom) . XJ L& (Contrast,
con) . FHFM (Dissimilarity, dis) « /55 (Entropy,
ent) « % (Second Moment, sm) Al 5% 1% ( Correlation,
corr) P, It 40 NUFREHIEM . AN ERI TR N
7em, KREZEE O KN RS S AUKFEERK, Kt
XIS, SOR MRS/ NI 3x3 & AT 04T
I A X B /KRR 2B M T 90°, KBk, TESCERS BT s
) 16 X 90°,

T AT 3 FRACEEFE 2 (Texture Index, TI) 7€ X
Sl H— A 2S48 3 (Normalized Difference
Texture Index, NDTI) 1, 2{ 43 5% (Difference
Texture Index, DTD) , EL{H L FRFE 4L (Ratio Texture Index,
RTD . #i& 7 5 MEEL (475, 560, 668+ 717 Fil 840 nm)
5 8 AT GLCM WIS RHIEEAH 45 & B BT A v RERIT
FhoRMEA S, DIRRENINMEER /. FIFH Matlab
BAFSEELTE fE L NDTIL, DTI, RTI fUis%, HitH
HANFRISCERFEECS LAT 22 8] [P AH e

NDTI, DTI, RTI & X HIU0F:

NDTI = (T, - T,) (T, +T,) (D
DTI=T -T, 2

RTI=T,/T, (3

KA T F Ty A BEN AT 9 B SRR -
1.3.3 #HEZERR

YEYE 5 % (Crop Coverage, CC) & FRAEHE 7E
M R A S AR E . i TAEME SRS
LAI Z [ BA 53 BIAH O, A SCH R IR 78 25 12 57 1%
HANIKFE LAL A SRR . ARSCR MG = i E
B, fH] ArcGIS %t o AU I RE I, 68 AL 14
MH OTSU &k, S SIEMBIE T Z R KT
IKEEBME, AR XK EEE S, PR X 5
(1% e, HEmE AR 1R 5 R
1.4 (EBME

AT, 3% BCER T A R R R X P i
TR, SFEAE 60, KA K-9728 IR UEVEAE N5
WEJTVE . L 3 MR SIAR A, 23l — Ju R AR AL
Z e AR, N T MR, SR e 2L
(Determination coefficient, R*) . ¥ /5 ¥k & 2% (Adjust
determination coefficient, R*,q) FI#577 1% % (Root Mean
Square Error, RMSE) PPAMEAIMIREEE . — Mok, R
R BT, RIABAHFE; RMSE MK, FUFRH
LB o
1.4.1 K-47 ik

AR K97 28 XU E 19 7 2 AR I P Al 45 2L A
JE o K475 XIa k2 B )2 Bz R Z Al Tk 2
—, XTI B A S, EH T REAREAS KRS
o7, R N Ky, BRRNIGEUIL R — 3 E R
AR, FIREE NS, EE KK, TR
SAER, K-4758 SCIRAEARAIE T $ 4 v i AN Hidls 46
S5 7@ SIUE, A1k AR A B Gt 2 =) B EE
REAE; (A K37 28 SCEGHIF S A FRDRG B 2 K IR 2Rk FE 1)
YA, BeR A THEE R AR 2 . I AR S-4T
AEXEGAE, RIIZREREARN TN 48, MXEREAZTY 12,
LR 5 K.
1.4.2 ZMHER

TR AR HOE RO i A H A LAL % H 45877
o AEHLLE 6 FiE IR, SOReEREY)E o
JEY5 LAL #HATAHICIE M, JFE S — o4 B Al 55
LAL. iE#EAE IR SO IR EY B 5 SR F1E N
At MEZIUERMEIZ DR EBRL E LAL
1. 4.3 AIAVZ W %A

T RZERFEHE (Back Propagation, BP) AT
PR 288 N B2 PIAR A 25, B R A AR R R
FABEBE N FRE, B2 SR H H AR RO % 01 2 70 BUE 1
SH, AFBUE SR AR, (AR A 5 5] 0k B p P
REROL, A Al AP N 4 B S =30, AR
=M 2, HhRmANEAZSEHE, REEN
HIZARERE . AU TRENEIRRE, 23
90.01 &AL T —/MELE S ZFRIEUZ N TR 45 15
EB TR SO R BRI R 5 S BN R &,
BN T 2B 5 LAL
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2 HZRES

2.1 A[EHEFRS LAl BOtB LMD

T 458 HOR AR 48 Hh ) 6 S S i 22 etk AT e
DA 5 G AR AR AE . WA 6 AN TS BoRn
LAIL fIAHSGHEEAT A . S5 R, MEREIEEE LAL 2
(] PRI AH 5 1 353 B B K (P<0.01) , Hrr5 LAI
FHSEME KB MEIRE : OSAVIL MTVI2. DVI. GNDVI,
NDVI. Clgg, 58 REUK KA 0.763. 0.761. 0.731. 0.718.
0.667. 0.606. XF 1.3.3 HHEEUIIIEY)E o5 FF 5 SL /K AE
LAL HHTHSM T, SR EREZEHKBMKXREN
0.785.

B—gORHIES LAL AT R (R 3D BoR
ZHBERRHIES LAT MAHSCHE I A S, R D EE 4 SOy
fERN S LALAFAER ARG, Horb LAL 5407k
B SCRRFEYE AR i, AR RECN 0.731.

TS AEE S LAT FIFHCHE AR, ki 7
FH A R SRR EE A R I F6 20 NDTI, DTI, RTI DA
SRR LAT IS IEE /7. 45 R 2 Bor, @it
W OERHIE AT A I8 5, TRk L B E e T arHEr
fEfHS LA MIAHGHE, 3 FRIBENIMEA S S LAL B
WRIAR S . Lk AR 4 A I8 AR AU 5 LAT

FHOG M e iR P SUER R 2, F2AH M H vy BRAR AR 4
A BN WS I B 35 ) Z {8 DTI (means, mean;) - 140
ANk BB S SR BUE B ELAE RTT (means, enty) <
A A B E S S B S BB E —k{E NDTI
(means, enty) , FHXREMKIKIE 0.830. 0.798. 0.791,
SERE B SO E ST A B 5, Ret I B et
FHIEE S LAY BIAHSCE, 3204 BOIME 5 W5 i Bos s
M ZEAA R L AN BESEIR = T 13.54%

R3 B—GUBEHER LAI FHEXIE S
Table 3 Correlation analysis between single texture
feature and leaf area index

LUFRRRE M ZR%L Correlation coefficient r
Texture feature Bl B2 B3 B4 B5
XFELJE Contrast (con) — —0245  0.125 —0.451" -0.505"" —0.359"
M2 Correlation (corr) —0.350" —0.203  —0.049 —0.073 —0.164

AAFYE Dissimilarity (dis) —0.238  0.084  —0.424" —0.5117" —0.398"
% B Entropy (ent)  —0.358™" —0.139  —0.395" —0.399"" —0.402"

Pl Homogeneity (hom) 0.220  —0.015  0.386" 04757 0.438"
{4 Mean (mean) 0.055 0302 -0.176 0377 07317
% Second moment (sm) 0.293°  0.171  0.324° 0387 04117

J7% Variance (var) ~ —0431"" 0.017 —0.523"" —0.526"" —0.406"
T BRI BIRRARICHELE 0.05 A10.01 KT FiXEIRE.

Note: * and **mean significantly correlation at 0.05 and 0.01 level, respectively.

var p ﬁ ‘. ' var = ' var r 0.8
- —
L >, , - - ‘- p— — L w 06
® sm R o sm = o smp g - : i
: : : 0y 04
Smean| e - qpE— “‘) 8 mean - v 8 meanf L] ’ S :
[ - L J i o
Z hom i Z hom Z homf ‘ | b v 02
= oentf & entp g oentp | ¥ 0
‘-'“7 i i ' ’
< . <5 . o » -
= dis| - = dis = dis ® 0.2
& & &
corr corr [ corr [ 0.4
con P con con 0.6
-0.8

con corr dis _ent hom mean sm_var con corr dis _ent hom mean sm_var con corr dis _ent hom mean sm_var
LU Texture feature LUHRHIE Texture feature LUHHIE Texture feature
a. NDTI b. DTI c. RTI

7: NDTI. DTI. RTI 735090 — b2 E S0 a4 Z(H0FEE. SRS, BRSO T 2] B R mER 1% s AR R X R A
2ANGUFHEEZ A6, HWE. ZEE ) MZEHEECS LAT IR R %

Note: NDTI, DTI, RTI are normalized difference texture index, difference texture index, ratio texture index. Any point in the figure represents the correlation coefficient
between the texture index, which is obtained by normalization, ratio, and difference of the two texture feature values corresponding to the horizontal and vertical
coordinates of the point, and the LAL

B2 LAl 58440948 X 24
Fig.2 Correlation coefficient between LAI and texture index

2.2 —ITMHERIEE LAI

RG22 ik AR RN, BV AR
IRIE XS LAT f— o2k MR, HMesR (R 4) vk,
6 FhB R AR B S LAIZ S — e MR R, GNDVI
B R f5 7, K 0.603, R4 0.563, RMSE 4 0.541;
koI E LAl @i — &M, DTI
(means, mean,) B R* 57, 1A 0.668, R’ M 0.635,
RMSE 4 0.447; {EVIE&IES LAL 8501 — u e i Ay
R* N 0.633, R’ N 0.596, RMSE 4 0.516. Xt LA [ #
— g N SR X 520 LAL i — o2k MR A 45 B R IR,
B = FMEAK N DTI (means, mean;) « {EY)7E 56 % .
GNDVI,

2.3 ZRELEAEEEHEE LAI

BRI e S TN TS RE ) ONE S S
A BRI R DAL SRR, FRKE 3 S A 4T
TN Z TCB 0 B AR i . LAT A SRR, X LEAN ]
N S HBRS RO REAT PR . thaE R (R 4 IR 5)
TR, A R R OR SOEE R R 2 0018 0 [l A R A
(R=0.728, R%,;=0.668, RMSE=0.421) W& T H—1H
PARHURA! (R*=0.603, R’,;=0.563, RMSE=0.541) , £
BRI SORIREAIEYE o5 B3 R 5 LAT #R8Y
(R*=0.866, R’,;=0.816, RMSE=0.308) A%/, LT
i ANERERMEMARAS. Fik, 46
WARE, SORAREE YR 55 T IL R 5 LAT AT DABEA
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Nt — TP RENS A RS LAL MG SRSRE A5 1%

N X 2 TUIB D [ AR s 0k ) AR B AT kb
N, PR AR TR R, ARSI DTk
FE7 X 48 br. MARRITTERE Sy AH oG R B 0 E S
AL A R O A 56 SR o (i s Rz EE) . g 5 By

N, SETZIREA T LA SRR, (EY5E S
LUPHIEH DTI (means, mean;) XS STk E IR K,
WL AR5 GNDVI TTER AN /N (EYE 5%, DTI
(means, mean;) . GNDVI X B4 () 57 ik B 4 5 N
40.413%- 35.507%-. 24.08%.

R4 LA M—EMAERESBEITN

Table 4 Unary linear estimation model and precision evaluation of LAI

LAY N\ & Model input A A7 Model formula R R RMSE
DVI LAI=3.072DVI-0.3252 0.481 0.429 0.562
OSAVI LAI=15.5980SAVI-10.663 0.587 0.546 0.510
MTVI2 LAI=13.732MTVI2-10.402 0.474 0.421 0.586
GNDVI LAI=17.097GNDVI-8.2074 0.603 0.563 0.541
Clre LAI=0.1419CIget+1.3164 0.429 0.372 0.628
NDVI LAI=17.778NDVI-12.156 0.494 0.443 0.588
DTI (means,mean;) LAI=0.1055DTI (means,mean;)+0.139 0.668 0.635 0.447
RTI (means,ent,) LAI=0.1932RTI (means,ent,) —0.6012 0.616 0.578 0.476
NDTI (means,ent,) LAI=35.487NDTI (means,ent,) —28.847 0.621 0.583 0.483
CcC LAI=57.727CC—-45.402 0.633 0.596 0.516

e REPWTIER 1. 24 34 4. S RlRRE. &6 4. 48, LA B. DTI (means,mean;) R ZAMNEE S B BEIIEZ %, RTI (means,enty) F

WL LLANE BUAE 5 SR I B BT HEAE, NDTI (means,enty) RRUEZLAMNE BISE 5 G0 BUE BRI —WME. CC IEME L.

Note: The subscripts 1, 2, 3, 4, 5 in the table respectively represent blue, green, red, red edge, near-infrared bands. DTI(means,mean;) represents the mean difference
between near-infrared and blue, RTI (means, ent,) represents the ratio of the mean of the near-infrared band to the entropy of the green band, NDTI (means, ent,)
represents the normalized value of the mean of the near-infrared band and the entropy of the green band. CC is the crop coverage.

#5 LAl ME &M ES EAMERE SHEEITMN

Table 5 Multiple linear stepwise regression estimation model and accuracy evaluation of LAI

" _ TR R EL
[EEE PN (LN SR Partial TR > R, RMSE
Model input Model formula Factor correlation  Contribution% o
coefficient
OSAVI 0.696 48.502
ViIs. CC LAI=36.197CC+10.3420SAVI-36.393 0.829 0.791 0.327
CC 0.739 51.498
GNDVI 0.313 31.331
Vis. TIs LAI=5.983GNDVI+0.091DTI(means,mean;)—3.376 0.728 0.668 0.421
DTI(means,mean;) 0.686 68.669
CC 0.652 48.620
CC. TIs LAI=27.282CC+0.071DTI(means,mean;)—21.806 0.807 0.764 0.334
DTI(means,mean;) 0.689 51.380
GNDVI 0.373 24.080
VIs. CC. TIs LAI=5.697GNDVI+27.913CC+0.057 DTI(means,mean;)—25.687 DTI(means,mean;) 0.550 35.507 0.866 0.816 0.308
CC 0.626 40.413

VE: VIs NRHEIEEL, TIs ASFETER. DTI (means, mean;) F/nit2l 4k B a5 W BOOE R Z1E .

Note: VIs is the vegetation index and TIs is the texture index. DTI (means, mean;) represents the difference between the mean value of the near-infrared band and the

mean value of the blue band.
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Table 6 Artificial neural network forecast model and accuracy
evaluation of LAI

B

Model input r Rag RMSE
VIs 0.654 0.619 0.431

CcC 0.649 0.614 0.446

TIs 0.728 0.701 0.391

VI. CC 0.797 0.752 0.335
VI. TI 0.760 0.707 0.365
CC. TI 0.801 0.757 0.323
VI. CC. TI 0.836 0.775 0.286
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Estimation of rice leaf area index combining UAYV spectrum, texture
features and vegetation coverage

Hang Yanhong!, Su Huan?, Yu Ziyang?, Liu Huanjun'?*, Guan Haixiang®, Kong Fanchang®

(1. School of Public Administration and Law, Northeast Agricultural University, Harbin 150030, China;
2. Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130012, China)

Abstract: Paddy rice as an important food crop is exactly determining the national food security in China. Leaf Area Index
(LAJ) is then an important indicator to evaluate crop growth and field management. Dynamic information of rice growth can
be gained from the LAI with the accumulation of aboveground biomass and yield formation. The unmanned aerial vehicles
(UAV)-based multispectral remote sensing technology can quickly capture the information on spatial variability of crops at the
field scale, due mainly to its higher temporal and spatial resolution. The differences in rice growth can therefore be gained
within the plots. As such, the vegetation indices can be used to estimate crop LAI. But there are still some saturated limitations
when the LAI is large in estimating LAI In this study, a rice LAI estimation model was constructed to investigate the ability of
UAYV with multiple indicators, combining spectral features, texture indices, and crop coverage. The UAV multispectral images
were used to extract the spectral information, texture features, and crop coverage. A combination of different texture features,
including the difference, ratio, and normalization, was calculated to obtain new texture indices, and further to improve the
correlation between texture features and LAI. A one-dimensional linear model was built, where the spectral features, the
texture index, and crop coverage were used as input quantities. Three types of indicators were integrated to construct a multiple
stepwise regression and artificial neural network model, where the accuracy of combining multiple indicators was analyzed to
estimate LAI. K-fold cross-validation was adopted to verify the present model. The results showed that there were significant
correlations between six vegetation indices and rice LAI. All correlation coefficients were above 0.6 and ranked in a
descending order, the Optimized Soil-Adjusted Vegetation index (OSAVI), Modified Triangular Vegetation Index 2 (MTVI2),
Difference Vegetation Index (DVI), Green Normalized Difference Vegetation Index (GNDVI), Normalized Difference
Vegetation Index (NDVI), and red-edge Chlorophyll Index (Clrg). The combined texture features showed that the correlation
coefficient of a single texture feature with the highest correlation was 0.731 before the operation, while the texture index
significantly improved the correlation between texture feature values and LAI. Specifically, the mean combination of
Normalized Difference Texture Index (NDTI), Difference Texture Index (DTI), and Ratio Texture Index (RTI) presented a
high correlation with LAI, where the DTI (means, mean;) between the near-infrared band mean and the blue band mean was
the highest correlation of 0.830, 13.54% higher than that the near-infrared band mean of a single texture feature. The highest
accuracy was gained in the differential texture index and crop coverage combining GNDVI, when estimating the rice LAI. The
multiple stepwise regression model combining multiple indicators (R”=0.866, Rzadj:O.816, RMSE=0.308) was significantly
higher than that of a single vegetation index (R2:0.603, Rzadj:0.563, RMSE=0.541), crop coverage (R2:0.633, Rzadj:O.S%,
RMSE=0.516) and the LAI model constructed with a single texture index (R*=0.668, Rzadj:O.635, RMSE=0.447). Better
accuracy and some advantages of inversion were achieved to combine the spectral features, texture index, and crop coverage.
The finding can provide a theoretical basis to estimate the structural parameters for the LAI of crops using the UAV platform
in digital agriculture.

Keywords: UAV; leaf area index; multispectrum; coverage; texture index; rice



