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Abstract: In order to achieve rapid estimation of leaf area index (LAI) of jujube trees, unmanned aerial vehicle
(UAV) multispectral cameras were used to obtain canopy UAV images of jujube trees at three growth stages in Alar Reclama-
tion Area. The LAl values of sample points were measured synchronously on the ground. A model was constructed based on 180
vegetation indices, and the tree structure Parzen estimator (TPE) in Bayesian algorithm was used to extract the optimal fea-
ture combination and optimize the model parameters, so as to improve the performance of the model. The monitoring ability of
models (CatBoost, RF, DNN, SVR) for jujube tree LAl values was compared and analyzed. The results showed that the TPE-

CatBoost model was the best among the four models during the fruit setting period at a flight altitude of 60 meters, with a coef-

ficient of determination (R*) of 0.867 5 and a mean square

I fs B #3.2024-07-17 error ( MSE ) of 0.0052, respectively. The spatial
EEUIE : ERK A RPH LS XS ITH (42061046 ,61662064) interpolation method and TPE-CatBoost model were used to
TEF R M E 42 (1995-) , 5 VLPE RPN BT 50 A, W5 5 1) analyze the LAl of jujube trees, revealing the overall trend

HIEESEFARN . (E-mail) hgj950603@ 163.com and accurate local distribution. The TPE-CatBoost model

EIRAEE LHREL, (E-mail) alaeclp@ 126.com proposed in this study can effectively monitor the LA/l of ju-
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jube trees in reclaimed jujube orchards, providing an effective technical reference for the growth monitoring of jujube in re-

claimed areas.

Key words: jujube tree; leaf area index; TPE optimization algorithm; CatBoost; feature optimization; model pa-

rameter optimization
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Fig.1 Overview of jujube tree area
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Table 1 Classification of leaf area index ( LAI) values of jujube
trees at different growth stages with the UAV flying alti-

tude of 60 meters

A LAIIG(E X LAI PEIX LAI B {HIX
HRAE <13 1.3~1.6 >1.6
A R4 <1.6 1.6~2.0 >2.0
Jig K3 <l.4 1.4~1.7 >1.7
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Fig.2 Spatial distribution of measured leaf area index (LAI) values at different growth stages of jujube trees
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Fig.3 Descriptive statistics of leaf area index ( LAI) values of

jujube trees

90.823 6., 0.867 5 #10.845 3, MSE 43 1] 4 0.008 8,
0.005 27F10.006 7, TifE 200 m T AL KIFEET,
TPE-CatBoost #7 [ BT, IR R 505K
0.711 5.0.745 17110.722 2, MSE 43%°50.012 2 0.009 3
F0.011 5, HHE 4 ATLIE 1,76 60 m CATEEET 3
AR W A RO RS B RIE R e RE(R?)
MAKENIMEIR M TPE-CatBoost \,TPE-RF \TPE-DNN I
TPE-SVR, TPE-CatBoost #7[) MSE #5e/)N , i BH H2f
2R R, BEAS B = AR LAT W SCEORG BE 5 H A
FEAIM L, TPE-CatBoost 764 M LAT 58 [ HA 0 5
FIALA BERTTE /NI iR 22
23 RIEGRERESW

ARG EAMAE 60 m KITEE TR 3 MEFH
SOV A I v AR B (LAT) HEAT T RN Y 25 8] 43 A
30T . ML 2 Bl 5 RTLLE Y 8 i s () 470 (B i i Jk
S AT B B LAT B K 53 4 A 76 E X, AR
(B X F 2 EAR T A PEIL A, 1T (e X 4R e
S RN [E11 A 6 4 N w RS R 1 e bt SR R L8 S I
B HE WA B VAR G, N 3 AN F
( TPE-CatBoost , TPE-RF ,TPE-DNN , TPE-SVR) f#) 12
Fh S 45 SR AW LAT {E F B0 A 7e TP E X, A%
(B X oA e A e AR A AL A, (X F AR
A Bl ) OB, X S S AR R A R A, 5
TPE-RF ,TPE-DNN HI1 TPE-SVR #i 8 4H I, , TPE-Cat-
Boost 7Y (1) {5 M 1A I AE XM 45 A= B I LAT &
L DA P ] DX IS A 5 3, JHG S T 23 R A B M O
AT . X LA 2R B I 25 40 A R AR w0, R4
25 () 4 L i J S TR R 1) LAT {53 A RAR — 3K,
2% ()97 {1 295 R S B A [0 T 8 T J I YA
TUAS 30 1 25 SR D) B8 T8 2y 25 b S e Ay LAT B () SE PR
I A ENL



2098 YOO e b 2 R 2024 4F M5 40 & 45 11

x2 ETTRMTISENZSETHHEHENM EREL(LAL) Bl HEE ST

Table 2 Analysis of jujube tree leaf area index (LAI) value training models based on different flight altitudes and different growth stage images

A - A A SR I K4

(m) R MSE R MSE R MSE
60 TPE-CatBoost 0.823 6 0.008 8 0.867 5 0.005 2 0.845 3 0.006 7
TPE-RF 0.796 7 0.011 2 0.851 1 0.006 4 0.836 5 0.007 9
TPE-DNN 0.773 9 0.013 6 0.834 6 0.007 3 0.813 8 0.008 0
TPE-SVR 0.742 3 0.015 8 0.803 2 0.008 0 0.784 7 0.009 9
100 TPE-CatBoost 0.753 6 0.009 7 0.823 6 0.007 5 0.817 8 0.008 8
TPE-RF 0.727 3 0.010 3 0.795 5 0.008 3 0.783 5 0.009 5
TPE-DNN 0.710 1 0.012 1 0.763 2 0.009 1 0.747 6 0.011'5
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200 TPE-CatBoost 0.711'5 0.012 2 0.745 1 0.009 3 0.722 2 0.011'5
TPE-RF 0.623 5 0.014 3 0.688 7 0.012 6 0.664 8 0.013 6

TPE-DNN 0.615 5 0.016 8 0.666 9 0.014 5 0.653 7 0.015 1
TPE-SVR 0.593 8 0.020 3 0.653 2 0.017 8 0.638 8 0.019 8
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Fig.4 Validation of leaf area index ( LAI) values of jujube trees at different growth stages under the condition of UAV flight altitude of 60 m
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Fig.5 Distribution of leaf area index (LAI) levels at different growth stages of jujube trees under the condition of UAYV flight altitude of 60 m
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