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Winter Wheat Biomass Estimation Based on Wavelet Energy
Coefficient and Leaf Area Index

LI Changchun LI Yacong WANG Yilin MA Chunyan CHEN Weinan DING Fan
(School of Surveying and Land Information Engineering, Henan Polytechnic University, Jiaozuo 454000, China)

Abstract; Biomass is an important indicator for evaluating crop growth and yield estimation. Obtaining
biomass information scientifically, quickly and accurately is of great significance for monitoring the growth
status of winter wheat and yield prediction. Taking winter wheat as the research object, through
correlation analysis, the wavelet energy coefficient with good correlation was selected, and the leaf area
index was coupled at the same time. Based on the support vector regression algorithm, random forest
algorithm, and Gaussian process regression, three algorithms were used to construct a winter wheat
biomass estimation model. The verification R* of the four growth periods were 0.55, 0.40 and 0.39;
0.75, 0.70 and 0. 83; 0.84, 0.92 and 0.93; 0. 84, 0. 89 and 0. 85, respectively. It was showed that
the estimation accuracy of Gaussian process regression model was the best. Leaf area index coupled with
wavelet energy coefficients, using the three algorithms to estimate biomass, the verification R* of the four
growth periods were 0. 76, 0.73 and 0. 77; 0. 76, 0. 72 and 0. 84; 0. 87, 0.94 and 0. 94; 0.85, 0.90
and 0. 91, respectively, indicating that the Gaussian process regression algorithm had the best estimation
accuracy, and to a certain extent, it can overcome the canopy spectrum saturation phenomenon and
improve the estimation accuracy of the model. Using wavelet energy coefficient and leaf area index as
input variables combined with Gaussian process regression algorithm to establish a winter wheat biomass
estimation model,, which can improve the accuracy of biomass estimation and provide a scientific reference
for the rapid estimation of crop parameters based on remote sensing technology.
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Fig. 1  Geographical location of study area
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56k J2 1R DT BRI 53 A A [v) RUBE RIS [T 1Y) 7N
RE B R A, W — 42 (8] 1 = DG S S R 4ol — 4
23 [ RUBE /N BE i R AT CWT 43 391l 3k i
4 MEFIET 10 REET /Mg Re i 280, 11l
Wiab)= | g0, (0d (D)
1 A-b
sk Va0 = (00
A fA) —dJZ B R
A— B 350 ~ 1 350 nm 115 Bl 46 ik B
W R
a—REHNT  b—FBHT

(2)

1.3.2 IR E Tk
(1) i 72 =1
o o R e ( Gaussian process regression,
GPR) 1 RASMUSSEN F1 WILLIAMS 7E 2005 4F
WP RS T B RN DL S B A 4 A ) —
FIMLES 2 5 X TALBINVEEAS | 8 4 i Rk
02 F S Z N NA R 4 2 () LR A S0 BRI 34T
e B0 VE W S B0 B e m B BL B 2 ) Tk 2
_[22-23]
(2) S AEm AT
45 M) & 15 ( Support vector regression, SVR)
R SR LR AR R VR — b
S S HILAR 2 > S | A R Rl o S, — i
eSS4 e A T = o Nl 1 X S B 5 4 N AN
PUAFEA B Y 5 H AR A B, AR A P A
1, N AR NEEARE A BT AL B AR D), B
KLU Bz AL RE Ty R k>
(3) BEHLARM
FERL AR ( Random forest, RF) A J B & 1] A
LA PR SR EXA R) IR G A & A T 2 Ay
— PP A W B 2 2 ik LR 2 2 R
Gy X2 — BV 2T vk T AL R i AR i)
RS ., TPk RE A kAR
A SCUR R AE B /N e i R A /N e R
BRA LAL N H AR A A & e A EE
W1, 53 5Pk 23 FEASKE (32 A4N) 1 e84 1/3
FEAHE (16 1) 1N IIREE A A8 /N AR Al
AR
1.3.3 XA
K FH B2 IR DA O 20 R Ok 2R A~ Bl L AR
Z R AH DGR B A OC R EOBUE S A [ - 1,1 ] 4
KRB AN BT , FHOCPE AR, FH G R 5004 % (K
AT 0, MG HEARSS Y ) MR B0 TR AR
cov(X,Y)
xOy
A R(X,Y)——FBENLAS A G R 5L
cov(X,Y)— W FENLAS Py 22
o—hRifEZE
1.3.4  BEE RPN
FHHRE REL(RY) 7 iR 22 (RMSE) Filbr
WEXI )7 MR 22 (nRMSE ) 3 NS ARE J B RS BE P47
BhR, REEA, FWAIZ AR A5 5 R i, O HL
FEE . nRMSE /N 10% 2 78 At 530 0 5200 — 3K
PE I ; nRMSE N 10% ~ 20% 36 715 — B0 8 U
nRMSE 4 20% ~ 30% 37~ — B 145 ; nRMSE K
FAET 30% o — kR,

R(X,Y) = (3)




194 B A R = SR 2021 4
1.0~
2 HRESWH 8:27
04+
2.1 BhNELEMESHERISSTUET 5 02
o 0
g TG AN P e S R B i g |
F 0 4 AN I A R R R B 25 S AT To| !
Gt GRS 1 PR, -0 S

F1 AEREFHIMNEMENHERERKITHH
Tab.1 Statistical analysis of measured biomass and

leaf area index in different growth periods

AR5

AW 2631.90 4396.05 1477.38 691.66  26.28

YR, ZEREW) 5113.59 8266.23 2194.37 1467.54  28.70
(kg-hm~2) FFIEIH 5940.82 9713.50 2384.55 1612.87 27.15
I 5321.95 9000.55 2398.05 1696.16 31.87

WA 37 5.49 2.16 0.94  25.35
— ZEfE 419 8.81 1.30 1.61 38.35
FEAEH 3.29 5.89 1.24 .19 3598

BRI 159 3.81 0.35 0.88  55.58

ZH EEW CFEE BOE RME R

A2 1 A, T B SR ) , & /N & A
SR SETEE G T R AR A R 8 S0 30 A W i i
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Fig.2 Correlation between original spectrum and biomass
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Fig.3 Correlation matrix diagrams of wavelet energy coefficient and biomass in different growth periods
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Tab.2 Top ten sensitive bands and corresponding scales
e AT ZETE TEE i 4
RE W K/nm IR RE  ¥WE/nm  IRI RE K /nm IR KRB K/nm IR
1 c2 948 0.77 c2 768 0. 84 a3 912 0.91 c7 1001 0. 88
2 c2 1279 0.74 Cl 755 0.84 cs 1103 0.91 c7 967 0. 88
3 a3 1117 0.74 6 727 0. 84 C4 1109 0. 90 C4 1171 0. 88
4 2 763 0.74 cs 900 0.83 C4 926 0.90 c7 929 0. 88
5 c3 1257 0.73 cs 725 0.83 C4 1158 0.90 cs5 1192 0. 88
6 C4 1120 0.73 c3 728 0.83 6 875 0. 90 c8 475 0. 88
7 Cl 762 0.73 cs5 839 0.83 cs5 1178 0.90 C6 1108 0.87
8 c7 1341 0.73 c4 726 0.83 cs 1086 0.90 c8 502 0. 88
9 6 1347 0.73 C3 775 0.83 C3 1003 0.90 c7 493 0.87
10 c2 1150 0.73 2 728 0.83 6 1107 0. 90 C4 1258 0. 87
R3I AAEBEPAAAELENEEVENEIRBE
Tab.3 Modeling results of winter wheat biomass in different growth periods and different methods
R ik : /NI RE TR R AL /NI RE T R BB S T AR AL
R RMSE/ (kg-hm~2)  nRMSE/% R? RMSE/ (kg-hm~2)  nRMSE/%
SVR 0. 65 451.18 17.74 0. 86 292. 95 11. 44
WA RF 0.44 543.52 20. 86 0. 64 430. 66 16. 47
GPR 0. 80 385. 64 14. 81 0.86 321.04 12.35
SVR 0.72 803. 26 16. 10 0. 81 667. 35 13.15
2R RF 0.56 985. 65 19.31 0.59 951. 44 18. 63
GPR 0.79 679.71 13.32 0. 89 502. 69 9.85
SVR 0.79 715.36 13.70 0.92 517.43 8.69
FEAEW] RF 0.77 788. 74 13.29 0.81 709. 35 11.91
GPR 0.85 641. 07 10.78 0.93 422.87 7.11
SVR 0.79 715.36 13.70 0.85 609. 15 11.45
TR RF 0.73 814. 34 15. 54 0.73 804. 92 15.53
GPR 0.82 657.74 12. 56 0.91 459. 08 8.77
4 AEEFHARAAZHELNEZEYENWIESE
Tab.4 Validation results of different growth periods and different methods to estimate winter wheat biomass
. /NI RE B R AL N T ek R ORI A e T AR L
EEM WiReS
R? RMSE/ (kg-hm~2)  nRMSE/% R? RMSE/ (kg-hm~2)  nRMSE/%
SVR 0.55 506. 01 20. 10 0.76 348. 06 13.47
PTIH RF 0.40 505. 83 19.74 0.73 360. 12 13.75
GPR 0.39 523.26 20. 19 0.77 363.73 13. 87
SVR 0.75 912.6 19. 14 0.76 874.55 18. 00
2T RF 0.70 889. 28 18.24 0.72 858. 84 17.59
GPR 0.83 974.78 21. 69 0. 84 669. 61 13. 86
SVR 0. 84 629. 47 10. 76 0. 87 565. 00 9.47
FEAEW] RF 0.92 500. 96 8.43 0.94 457.02 7.59
GPR 0.93 537.82 9.27 0.94 382.32 6. 34
SVR 0.84 1018.09 20. 67 0.85 884. 71 17.36
TR RF 0. 89 954. 50 19. 67 0.90 911.92 18. 60
GPR 0.85 943.25 18. 63 0.91 613.97 11.61

T HRNIE SR T BEAL AR AR EE I T AR A R X AR W A RO e, 2 R R AL G E R
SRy PO HABIRIBGAE R RMSE .nRMSE 435025 RMSE, nRMSE 43 Jll 24 0.83, 974.78 kg/hm’ |
0.40 505. 83 kg/hm* |19. 74% B RIEGIE R . 21. 69% , JFAE IR RIEGIE R RMSE .nRMSE 4351 4
RMSE ., nRMSE 43 %] 5 0.89, 954.50 kg/hm*,  0.93.537.82 kg/hm’ .9.27% , %56 % &Rl 7
19.67% . ZEREMPRIITFAE IR F i AR mNE Bk FITARYIGIE A PP 48 A 4l SR LA KBS AL i Al S Re )
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FEAC I P e 30 2 A [ 5 B b A AR EL AT A Ay
HAERE

(2) H4 M AR B 2 Rl B A DGR B4 1 /N D
AT R AL, 43 0 R S i o [0 A 5503 B HLAR AR ]
VA | A R Il A Bk A T A N A A
BRI I UE RS A 4 R, 4 MAEF
) FH o e A e U R A T A W i B R
U, 50 ALY 56 9F R* . RMSE . nRMSE 2l 0. 77,
363.73 kg/hm’ | 13.87% , 7% Bl ) B B 6 3F R* |
RMSE .nRMSE 4 0. 84 .669. 61 kg/hm* . 13. 86% , JF
A6 K5 R B JF R, RMSE. nRMSE & 0.94

382.32 kg/hm’ \6. 34% , HEH IR AIIEUE R* RMSE |
nRMSE 43 %1 &7 0.91 ,613.97 kg/hm” | 11.61% ., %
A 5 AR A S RIS R 56 UF (1) A0 48 B 25 5 LA B At
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Fig.4  Scatter plots of wavelet energy coefficient coupled leaf area index estimation model and verification model
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