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Inversion of Summer Maize Leaf Area Index Based on
Gradient Boosting Decision Tree Algorithm
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Abstract: Aiming to obtain the leaf area index (LAI) of large-scale summer maize in a high-efficiency,
non-destructive and large-scale manner, and provide a technical reference for remote sensing monitoring
of summer maize growth. The research was based on the field-collected summer maize LAI and maize
height, as well as combined with multi-spectral data of the same period, eight vegetation indexes and
height with strong correlation with summer maize LAl were selected as the input variables of gradient
boosting decision tree (GBDT) algorithm model for LAI inversion. The support vector machine (SVM)
model and the random forest ( RF) model were taken as the reference models, which were used to
compare the accuracy of prediction. The results showed that the GBDT algorithm model prediction
consequence were better than the other two models among the three sample groups. R of prediction value
and measured LAI values of the sample groups 1, 2 and 3 were 0.571 0, 0.755 8 and 0.644 1,
respectively, which were higher than those of the SVM models (0.547 2, 0.679 1, 0.616 8) and RF
models (0.550 5, 0.697 3, 0.629 5), corresponding root mean square error ( RMSE) values were
0.0027, 0.0015 and 0. 001 6, which were lower than those of the SVM model (0.2117, 0.152 3 and
0.1597) and RF model (0.244 7, 0.214 7 and 0.208 0). The research result provided a technical
method for fast and accurate monitoring of summer maize LAI remote sensing in the field.
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Fig.1 UAYV image and partition map of study area
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Tab.3 Correlation analysis result of LAI and vegetation index
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Fig.2  Contradistinction of parameter adjustment for sample group 2

GBDT Sk BRI YN 2R 5 I, 2= th 30 fiff Rl 4
AR 1 i FH X6 B2 ( Relative importance ) , {8 T 3
i AP [R] 2R X6 T S0 45 R AT SRR g, TRl AT
PIRIGNH TURR R 2T T 2T A0k BEH A A 5 LAT 5
HHSE A AR B 18 B0, % 5 oK LAT S 45
(R RZN 1o 55, PR B 3 AT AT, 3 2R A Hh g v AR A
X R TR LA o i S — | 5 e A A R Y
PRI 225 1 MASVI £ 3 ZHFE A A AF ) 8 8 B 461 A X
FEERARG , B MASVI F LAT iz 8 455 25 f4 5% i o 52 555
LA 3 AN A T B AT, AR R 6T LAL R AR
T 45 SR BTHR I, MASVI X T LAL Jiz A5 980 1) 4%

RTTHREN
2.3 EEXK LAI RiEHEB LB HHT

e 3 NGRS LA 3 A RTINS, R
W AT I 2 A 2 UGE RN 2R, A5 B AL AR ki
G35 3 dUREAR L b ST FUINZRAE (R B TE 4 1B
YIRS I 5 B E 5 e S B I 25 46 0 6 F 46 A% 7Y
TSR0 A LAT 5 S Hb I 5 %) LAT 4350 251 T80 1]
3BT LA R PER R LR (K 4)

HI Pl 4 WIJ0, GBDT 553 X 3% B2 i 1 351 I 44
R SVM B RF 53547, GBDT Sk —Ff
ARG AR R I H R R 2% 2 e T, IR AR I P e R



256 /S A VN R R 2019 4¢
EFEEEEEE
£EBEEE 5 = ;

B
(a) H‘zlzfﬁz (b) kA2 (c) B3
B3 AN S
Fig.3 Relative importance of input variables
N E o RiFs 4 UNA o BEsR NE B o RoiFs
a5 = =UIAHILG — BIESA a5p = - UESAE  — RIERNE 250 = =S — RiFgNA
y=0.7085x+0.4101 y=0.9636x+0.0374 y=1.23580-0.3581
R=0.5472 R=06282 g R=08154
21k RMSE%0.2117 21 RMSE%0.2155 a ‘3 a1k RMSE %0.0007 “t
L
= 177 =R o 17t
= N & =
=13t Sk ey ‘ =|l = 13t
T S b 0 Tm1m05148 T,
0.9+ ,"ﬁ&;:ﬂ.%ﬁmumn oof ¢ 4 1 D505 ok : -““Ez'fg';;‘}f,"‘“
. R=0.7723 A RMSE 40,2447 & Sor
RMSE 50,1105 RMSE 40,0027
057 10 13 16 19 22 0%7 10 13 16 19 22 050710 13 16 19 22
LATFM {0 LATHTR T LATFI (i1
(a) FEAREHL.SVM (b} FEAREH 1 RF () FEZR#H1 . GBDT
& iR o HSEMHE & il L 1 & il o BEFE
a5r = =~ A — RiTgas 250 = = UISRNE  — WiEEE 250 = =SNG  — WiERdlG
y=0.9962x+0.0143 y=0.86434+0.2026 y=1.01432-0.0099
R2=(1.6804 " - R*=0,5835 A a® R*=0.7465 a®
21F RMSEH0.1513 i 21F RMSE}02184 o ot 210 RMSEX0.0008 o azb
i L] * A LY
= 17t g1 =17
S = =
= & i
< 1.3f b o s e
l- A4 & 9
0.04 . y=1.0580x=0.1516 0ok 2 y=1.0970x-0.2044 0ok y=l. 1?74-8—0‘—5“‘
. . R=0.6791 s * R*=0.6973 ' 8 Re=0.7558
ws]:at;n 1523 RMSE %02147 RMSE %0.0015
037 10 13 16 19 12 03%7 10 13 16 19 22 9%7 10 13 16 19 22
LATFR LAIFsi i LALFMT
(d) A2, 5VM (e) HEARLI2, RF () B2, GBDT
a AR o DRiEde & ililhdE o IGELR o e o IO
a5+ = =ilERENE — REREINE 250 = =ilgEs — BiERHSs 25r = =iMlZGELE — RIS
¥=0.8404+0.2307 ¥=0.8826x+0.1807 y=1.0036x+0.0105
R=0.6168 R*=0.6295 s b R*=0.6441 s
21F RMSE%0.1597 21F RMSE0.2080 i 2.1F RMSE#0.0016
A A
= 7t @ 17t = 19r
= = E
= = ol
j 1.3F j 1.3F j |“"
@ =1.2280x~0.3353
0.9F y=0.9619x40,0504 0.9+ ‘:}Qfﬂﬁl‘)ﬁxm-lm 09f ] ! R'=0.8475
¢ R=06958 1P=0.6722 g RMSE 40,0006
RMSE %0.1449 RMSE%40.2087 H
05 : ' i : | 0.5 : : : : ; 0.5 : i ; : )
07 10 13 16 19 22 07 10 13 L6 19 22 07 10 13 16 19 22
LATFHTi it LATTI {8 LATFITM {§
() FEA413,8VM (h) $A4H3 R (i) HeAREH3, GBDT

Bl 4 HEK LA SEE S 0 E 6 &

Fig.4 Relationship graphs of measured and predicted summer maize LAI



%5

RN A TR AR TN BRI 09 S T K T AR RS 257

BOR 435K 0.815 4.0.746 5.0.847 5, XF I Y
RMSE 4 0. 000 7 .0. 000 8 ,0. 000 6 ; % UE4E A P58 5
R A HIE 0.571 0.0.755 8.0.644 1, XF [ [
RMSE 4 0. 002 7 .0. 001 5.0. 001 6,
2.4 EFEXRLAIZESH

WRH GBDT B3 % 3 ANHEA L i i 45 R 1 43
BT, e SR B AR A RE AR AL 2 ASERUAE by S T AR,
8 H 23 HIWBHEHATHIRIX N E oK LAL R, %
WF5E X 0 oK LAL 23 [8) 43 A5 W g 5 fron

1 ]
109°36'24"E 109°36'26"E 109°36'28"E

109°36'24E 109°36'26"E 109°36"28"E
- T T N
&
\?’:l -
B
4
F‘c. L
%
e L
B | 0510 20 30 40—
| e ——— (11
g :
5

40°25'58"N

BI5 RS IXE K LAL 25 Wl )i A
Fig.5 Spatial distribution map of summer maize

in study area

HlE 5 AT ,8 A 23 HIWE EK LAIED . @),
@ GO EEEREL 8 Iih , XA LAL#E 1. 4 /£
Fo 58 H 23 HAYSZM LAL AH AL, MRS IX s
DFIE Sy 1. 851 4, SR RAE Hy 2. 190 0, 52 Fe /s
HA 13158, 5 A DX 520 {8 43531 4 2,092 6,
1.7958.2.087 0.1.406 9 . 1.888 1, HiLh %4k mr
1 LAL RS 5 S B s LA AHAT . iR B
2.3 @K LA £, X 2E D 2.3 X mHE
IEH, EAREKIHIL] 5 X @F £ oKk LAL 84K, £
R A@X AT T —2 MKk, S8 £ oK
AREHAR 4 X8, K NEW 6L 25 1, 5
T GBDT Bk A S i 1 LAL 5858 X A9 LAL %5 [H]
Gy A AR — 3, 25 UE B T AR AL ) A B A AT
S
KI5

LAT S Wiy 2 it 0 i 25 A2 32 Bl B VR Y A=
o B EEAWIIG R | 7 1 2 e e AR i A %

i A2 AL , i BE R B XS T LAT 59 2552, AR5
Zeaed i A SR AN SR 23 Ar A Hh A5 SRATX HE B )

M5 IRAEIE T Rk X LAT B E R F
JERESHE (FEBEE 0 5 S A (MR ) AHZS B — I
HEAT LAL (9 B3, W] 45 8 38 0 1 ROTBRIOR . BRI
LAT 23 AN 0 1 J) B F 328 Ja Tl 45 41 B i) il o 9
B, AT fE AL T LAT A 520 i R 5,

BL#S 27 2 S50 5 VR W) 18 Ja R 3% DA G, —
[l U= e IR SR (AL #8272 SR A ] ARG AR 2
K ( Z AR 1 BORPR = ) HLIm] S LAT, KR B
REERARE , A3CK GBDT Hik i AL EY
RN, RO E FOK LAL, SEFRIRIR e M5 &, 7
3 BRI Sk, DL 8 FlAE Bl 1 BRI bk 2 b
GBDT %7k ALY | JF5 SVM 3L A1 RF 5k R |
RMSE #H FL %52 , 45 5 3¢ B GBDT 533 ) 2 fik A 7 7
TFR BRI SVM Sk (A | [l Bt 4 ] H — R
(1) RF Sy AR B A T i — 20 Tt 7
JE BB TR AT LUK GBDT &k i F 3 6 K -4
F BRI R SRR S EOY RO LAY RO HE
A He AR S HFRE

GBDT LM ILATE T T8 S &
JRR 2 ) A A5 TS AR AR Bz,
SEEA R O] DL R T b BEAS A EEE , RS R AR
SCHY LAL ESA, I8 02 I SR o8 P VR Y e )2 18
(1) B (L ; 76 /IVBEAS () [ U5 [ #H , GBDT 53035 ml 3
15BN R A 45 % R B LA K TR R X 4/ () 1 S (]
T 4 SO R BE . GBDT B AU /> T SVR #5
TR DRI TR 4% R ESOR At 2 8503 1 i) B ] 52 2% B A TR
P M H MR T RF S50 75 45 A 2 [ —
FUA, TE 1340 W G v A — PR 1) BT k3 1) ] A
U, GBDT 5432 7 ml 3 [n] 51 v A5 AR 58 119 o2 FH {6
AT E N . OFH GBDT B3k it — 4 J b
TAELT P BEFNAUT 2T 40 b B 2 R 1 LR AL AR 1 4 4L
AR SE R B, 58 T SRk I D g ABLAE G B Dy I 1)
JE L A i — B $E TS (], @GBDT Hiyk
(2% 2] 85 Z M AAAE O OC & | — FBOME LA AT 14T
T AR AR5 A5 A 2 o) 25 Z [ W I AT 4
1 764 Ja B9 v 1 2 B 2% A0 e] S 30 43 1Y O
TTERAE i — 2042 RO A A 508

4 HRIF

REBILAS 7 ~T R BE SR TR BT 51 B 5K 9 LAT
B It S AL 2 o Y SR ) S LA BL AR AR
I T T, ZRE MR 5 AL ZOE
TGRS & BA B B SO ROR , S8 B
PR T oK LA 15 R 3 S s 0 A ) I 34 2 it
THARSS,



258 PO AT A S (4 20109 4
& % X #

[1] MAIRE G L., MARSDEN C, VERHOEF W, et al. Leaf area index estimation with MODIS reflectance time series and model
inversion during full rotations of Eucalyptus plantations[ J]. Remote Sensing of Environment, 2011, 115(2) ; 586 —599.

[2] CHENJ M, BLACK T A. Defining leaf-area index for non-flat leaves[ J]. Agricultural & Forest Meteorology, 2010, 15(4) .
421 -429.

[3] XUSAUR, E2o4e Mot e 2. /N M AR EOn il & B r e [ 1], A0l TR ,2011,27(3) :220 - 224.

LIU Rongyuan, WANG Jihua, YANG Guijun, et al. Comparision of ground-based LAI measuring methods on winter wheat[ J ].
Transactions of the CSAE, 2011, 27(3) : 220 —224. (in Chinese)

(4] BRI HIRA, @525, 5. MPHEECS RS BOCR IR SOE AL Hr [ 1], 2EME B ,2003(2) :10 - 13.

HUI Fengming, TIAN Qingjiu, JING Zhenyu, et al. Reasearch and quantitative analysis of the correlation between vegetation
index and leaf area index[J]. Remote Sensing Information, 2003(2): 10 —=13. (in Chinese)

(51 JWmEs, 2/ e, 225, 5. BT R OGS 5 22 G R s B S inl VA AR B T AR B A SR LU RS [ ] WA
2#,2013,11(3) ;313 -319.

XING Liwei, LI Xiaojuan, LI Angsheng, et al. A comparative study on estimation model for leaf area index of vegetation in
marshes in Honghe national nature reserve based on hyperspectral and multispectral vegetation indices[ J]. Wetland Science,
2013, 11(3) :313 =319. (in Chinese)

(6] BIERK, 20k, BikE, 55, JT GF -1 5 Landsat — 8 ZGHMEREAR A Tk LAL S ILEE[J]. Rl TRE241, 2015,
31(9):173 - 179.

JIA Yuqiu, LI Bing, CHENG Yongzheng, et al. Comparison between GF —1 images and Landsat —8 images in monitoring maize
LAI[J]. Transactions of the CSAE, 2015,31(9): 173 —=179. (in Chinese)

(7] XUBEE, RF FEAM. T SAIL BRI 2 5 22 e ibd it AR SO [ ], TR IX 3, 2010,33 (1) :93 - 98.
LIU Zhaoyan, MA Lingling, TANG Lingli. Inversion of LAl based on SAIL model with multi-angle and multi-spectral remote
sensing data[ J]. Arid Land Geography, 2010, 33(1): 93 =98. (iin Chinese)

[8] ZEW, T4, HFEM, & BT SIFT BHiEMN T AR BREGIFEROR 1], HARRZEZR (FEFREER), 2017,
35(2).188 - 197.

WANG Qian, NING Jifeng, CAO Yuxiang, et al. Matching technologies of UAV remote sensing image based on SIFT[]].
Journal of Jilin University ( Information Science Edition) ,2017,35(2) : 188 —197. (in Chinese)

(9] bk, BARZE, T0E, 2. SET I ABLRDGIBEIRIO A N BRI ) ]. 4ol T2 2016,32(22) 113 - 120,

GAO Lin, YANG Guijun, YU Haiyang, et al. Retrieving winter wheat leaf area index based on unmanned aerial vehicle
hyperspectral remote sensing[ J]. Transactions of the CSAE, 2016, 32(22); 113 —120. (in Chinese)

(107 o'y, s, ok i %, A5, T S ) i ML ] 05 50 32 0 /N 22 ot T B B m G il g O i [T ] R0k TR 2% 41, 2013,

29(11) ;139 —146.
LIN Hui, LIANG Liang, ZHANG Lianpeng, et al. Wheat leaf area index inversion with hyperspectral remote sensing based on
support vector regression algorithm[ J]. Transactions of the CSAE, 2013, 29(11): 139 - 146. (in Chinese)

(11 2R, kA, RIFI, S5, FRM IR RS RS R B BOCRTR[ 1], BB A 5] ,2007,22(5) :586 —592.
LI Fengxiu, ZHANG Bai, SONG Kaishan, et al. Research and analysis of the correlation between hyperspectral vegetation
index and leaf area index[ J]. Remote Sensing Technology & Application, 2007, 22(5) ; 586 —592. (iin Chinese)

[12] 52l Wi, G845, BB RMBHE 8 S AR B SR [ )], BRPERA,2015(3) 24 - 28.

YUAN Yuan, HU Bo, WU Xinghou, et al. Research on the relationship between summer corn vegetation index and leaf area
index[ J]. Journal of Shanxi Meteorology, 2015 (3) : 24 —28. (in Chinese)

[13] SRR TR, OOV, A, FETSCRFm LI A/ N RS R RS [0 ] Al TR 4, 2013,29(7) 1117 - 123.
LIANG Dong, GUAN Qingsong, HUANG Wenjiang, et al. Remote sensing inversion of leaf area index based on support vector
machine regression in winter wheat[ J|. Transactions of the CSAE, 2013, 29(7): 117 —123. (in Chinese)

(14]  XUe xo e, BREEMT, 45, i ARS B0 R DT T dE R S B[ ] M BRAS ERH 22441, 2013,15(5) 734 - 743,

LIU Yang, LIU Ronggao, CHEN Jingming, et al. Current status and perspectives of leaf area index retrieval from optical
remote sensing data[ J]. Journal of Geo-information Science, 2013, 15(5) : 734 —743. (in Chinese)

[15] DURBHA S'S, KING R L, YOUNAN N H. Support vector machines regression for retrieval of leaf area index from multiangle
imaging spectroradiometer[ J |. Remote Sensing of Environment, 2007, 107(1 -2) ; 348 -361.

[16]  HR,RICH, JAT N, AF. A/N2 MBS 0 i 8 BTk T[], A0l TAE2A4,2013,29(3) 1139 - 147.
XIA Tian, WU Wenbin, ZHOU Qingbo, et al. Comparison of two inversion methods for winter wheat leaf area index based on
hyperspectral remote sensing[ J]. Transactions of the CSAE, 2013, 29(3) : 139 —147. (in Chinese)

(17] WIS BSCUL 4RI A A/ N I T RS 30 8 S 38 s LU RITSE [0 ). Dl 2 561 43 #, 2014 ,34(5) 11352 -

1356.
XIE Qiaoyun, HUANG Wenjiang, CAI Shuhong, et al. Comparative study on remote sensing invertion methods for estimating



SRZZMG A e TRR AR T BRI 19 S T K T AR RO 259

[19]

[20]

[21]

[22]

(23]

[24]

[25]
[26]
[27]
[28]

[29]
[30]

winter wheat leaf area index[ J]. Spectroscopy and Spectral Analysis, 2014, 34(5): 1352 = 1356. (in Chinese)

FWE, BE AR, 5. SETHEMLARAR IR REE B/ N i R SPAD {HREIEAG [ J/0L]. £l AL 42,2015 ,46 (1)
259 -265.

WANG Liai, MA Chang, ZHOU Xudong, et al. Estimation of wheat leaf SPAD value using RF algorithmic model and remote
sensing data[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(1) : 259 —265. http: // www.
j-csam. org/ jesam/ ch/reader/ view_abstract. aspx? flag = 1&file_no =20150136&journal _id = jesam. DOI. 10. 6041/j. issn.
1000-1298.2015.01.036. (in Chinese)

KB A BN, A T REALARAR S 1 A A/ N TR BGE B TS [T ], T RO RE,2018,51(5) ¢
855 - 867.

ZHANG Chunlan, YANG Guijun, LI Heli, et al. Remote sensing inversion of leaf area index of winter wheat based on random
forest algorithm[ J]. Scientia Agricultura Sinica, 2018, 51(5) ; 855 —867. (in Chinese)

HOUBORG R, MCCABE M F. A hybrid training approach for leaf area index estimation via Cubist and random forests
machine-learning[ J ]. ISPRS Journal of Photogrammetry & Remote Sensing, 2017, 135. 173 - 188.
BRI W D2 5. BT BENLARAR ST TR 1 A /N2 A W ik B A RS L [ 7], Al TR %40, 2016,32(18)
175 - 182.

YUE Jibo, YANG Guijun, FENG Haikuan. Comparative of remote sensing estimation models of winter wheat biomass based on
random forest algorithm[ J]. Transactions of the CSAE, 2016, 32(18): 175 —182. (in Chinese)

POHB X, HET GF — IWFV AR FIHL g 2 SRk i KM I BUE BN FE L) ], P EERIETE 24 ,2018,23(5) :
107 - 117.

JIA Jieqiong, LIU Wanqing. Estimation of maize leaf area index based on GF —1 WFV image and machine learning random
algorithm[ J]. Journal of Image & Graphics, 2018, 23(5): 107 —117. (in Chinese)

FRIEDMAN J H. Greedy function approximation: a gradient boosting machine[ J]. Annals of Statistics, 2001, 29(5): 1189 —
1232.

XIERZR U 35 R824 05 A5, e il e 5 K R i T FR S H M S K L A O e A [ )] R, 2000,4 (4) -
279 —283.

LIU Weidong, XIANG Yueqin, ZHENG Lanfen, et al. Relationships between rice LAI, CH. D and hyperspectra data[ J].
Journal of Remote Sensing, 2000, 4(4) : 279 —283. (in Chinese)

VASUDEVAN A, KUMAR D A, BHUVANESWARI N S. Precision farming using unmanned aerial and ground vehicles[ C] //
Technological Innovations in ICT for Agriculture and Rural Development. IEEE, 2016.

HAN J, SONG X, ZHOU Z, et al. Estimating leaf area index of winter oilseed rape using high spatial resolution satellite data
[ C] //Fifth International Conference on Agro-geoinformatics. IEEE, 2016.

CHANG C C, LIN C J. LIBSVM; a library for support vector machines[ J|. Neural Computation, 2011, 13(9): 2119 -
2147.

CUTLER A, CUTLER D R, STEVENS J R. Random forests[ J]. Machine Learning, 2004, 45(1) . 157 - 176.

FRIEDMAN J H. Stochastic gradient boosting[ J]. Computational Statistics & Data Analysis, 2002, 38(4) : 367 —378.
FEE T, K 9 1, 4. ELIC 00 ) 48 o o A0 TG B L i RRAE SR IO ik RS S S B LD ] T HLN B SE, 2017,
34(2):334 -338.

TIAN Changli, ZHANG Xun, PAN Bo, et al. Research and implementation of feature extraction methods on internet CTR
prediction model[ J]. Application Research of Computers, 2017, 34(2) : 334 —338. (in Chinese)



