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Winter Wheat Yield Estimation Based on UAV Hyperspectral
Remote Sensing Data
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Abstract; In order to predict crop yields efficiently and accurately, winter wheat was taken as the
research object, a UAV remote sensing platform was used, and a hyperspectral camera was carried to
obtain UAV images of each growth stage to estimate crop yields. In order to accurately predict the yield,
according to the characteristics of hyperspectral with more spectral information and the unique red edge
area, nine vegetation indices and five red edge parameters were selected. The correlation between
vegetation indices and red edge parameters and yield was analyzed. Five vegetation indices and two red
edge parameters were selected for constructing yield estimation models, and then three yield estimation
models with different growth stages were constructed: single-parameter linear regression model, model
based on vegetation indices using partial least squares regression method, model based on vegetation
indices combined with red edge parameters and using partial least squares regression method, and using
different models to estimate winter wheat yield. The results showed that most of the vegetation indices and
red edge parameters of the four growing stages were very significantly correlated with yield. Single-
parameter linear regression models constructed at the jointing, flagging, flowering and filling stages, with

the best performing parameters being REP, Dr/Dr GNDVI and GNDVI. The partial least squares
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regression method was used to improve the accuracy of yield estimation. At the same time, the model

constructed with the vegetation indices combined with the red edge parameters as the factor improved the

yield estimation effect ( better than the yield model constructed with the vegetation indices as the factor).

The research result provided a reference for UAV hyperspectral to estimate crop yield in agriculture.

Key words: winter wheat; yield; UAV hyperspectral; remote sensing; estimation; partial least squares
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Fig. 1 Study area location and experimental design
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Tab.1 Main parameters of imaging spectrometer
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Fiit/kg 0.47
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3% 4 B / nm 4
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SRR IE AR PR A R, A8 AT B R
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AU TR B, HR T B B SR T, K o A
B A8 ES 77 A O M 2% I R 3 T A 5, IF HLOR K
O3 FE B R B T O R 3 A 56 (0,01 K OF
%), k) TCARIL Jy i 2 41 5, OSAVI, MCARI
FEVI2 TG i 35 AH O, T 4% Rl 1 48 BB o it 35 A
5% BRHE I Bk MCARI A1, 5 4 il w45 5038 R B
0. 01 7K 5 25 A0 5C 5 1 46 1A K &8 43 1w 4 25 Fin ™
2 A] A A SC PR3 5 , o TCART Dy JC 8 35 AH ¢,
MCARI 2y 5 25 AH 5C 5 WE 5 094 B 48 $F 2030 2 4K
5 A G MR R, 6 T AR B S AR, A O 1 2R B RN
FEAE I AH AL, TCART 2 8L JC i 35 #H 5¢ , MCART 3 B
A

KL S50 5 7 8 o A i 2540 56 (0. 01 K
T ) o R IEE Dr A SDr Jly JC i A AL, R
RN SHH T e A0 & BRI A 20 30 S 80 Dr
FP0.05 /KT 2456, SDr R B i 3 4 6 5 F
WHALL N S HP A D, A TC W AH G, R 4L &
HESLETE Y IPSEE F L FARUE 2 e ESS WL & T
FHE,

SRR A E B A R B DL R e ih 2805
AR DG < BT R DG R B4 R e s ol 0. 51,

XL 41310 2 K REP ; $k I AR OC 2 K268 X (L A
KA Dr,,, J9 0.7405 IF 18 W A0 56 P &R B KN
0. 776, FHL B 5 % GNDVI; 5 1t J& GNDVI [ 4
KA B A X B Fre 5, 0. 793
R2 AREEHEREH . ALSHEFERXRY
Tab.2 Correlation between vegetation indices, red edge

parameters and yield at different growth stages

ZH I P9 FEAE I
LCI 0.457 0. 663 ** 0.755 " 0.782 "
GNDVI 0. 446 ** 0. 650 ** 0.776 0.793 **
NDVI 0. 400 ** 0.614* 0.712* 0.743 **
MSR 0. 400 ** 0.628 0.748 0.758
RVI 0.399 0. 640 0.751 " 0.753 "
TCARI -0.340"  -0.613" 0. 008 -0.077
OSAVI 0.219 0.491* 0.698 ** 0.720 "
MCARI -0.123 -0.250 0.325* 0.356"
EVI2 0. 095 0.392* 0.679 0. 698 **
REP 0.511" 0.371" 0.398 0.521 "
Dr 0. 039 0.296* 0.652 " 0.692
Dr,;, ~0.418* -0.740**  -0.141  -0.428*
Dr/Dr,,;, 0. 489 ** 0.733* 0.451* 0.772*
SDr 0. 061 0. 269 0. 639 ** 0. 659 **

T % KR 0.05 KPR, #x3RIR 0. 01 KV
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MR 2 Py G PEEE 2R T LR BEEAR R AE B
W], %k 45 % LCI .GNDVI NDVI MSR .RVI %5 & 3
W b & A0 G, 2030 248 REP R Dr/Dr, A1 38 31 1
BE VHXTADISRAELNESE DT ETHEA
BERMA O M. X T DSBS R Z g
SEERTE R R AR 3 Frn . AR 4R 3, IR I
FIHE S , T A8 3 R0 HE b B A AR B S T
] R T3 IR BRI . 4L S R
i Il 9 56 2R A8 Ak o MUAE . 3R AR R B K ol
0.20, %} ¥ i /& REP #1 Dr/Dr,, , [t % RMSE #l
NRMSE, [a] i} 851 REP 1) R® 2 K, B L REP {5
7 R B AT P OHE B R B0 R A 0k
Dr/Dr,, 5354 0.51 5 0.64, RMSE 5 NRMSE £ 1%,
A B IR RO BT S48 Dr/Dr, o JFAE
1 GNDVI 4 55 7= b 2k 9 B 4, g B R® L RMSE Al
NRMSE 43514 0. 55 901. 63 kg/hm’ 5 14. 77% ,
43 GNDVI 7 g b e B e £, 3L R bk 3 0 0
i {H ,RMSE 1 NRMSE b e AR f , # 4% R* \RMSE i
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Tab.3 Regression relationship between vegetation indices, red edge parameters and yield
2 K g A (n =32) IFE(n=16)
R? RMSE/(kg-hm~2)  NRMSE/% R RMSE/(kg-hm~2)  NRMSE/%

LCI 0.12 1268. 37 20.77 0.45 1016. 63 19.27
GNDVI 0.11 1273.68 20. 86 0. 45 1016. 80 19.27
NDVI 0.07 1300. 18 21.30 0.42 1 048. 44 19. 87
WA MSR 0.07 1298.96 21.28 0.38 1 080.90 20. 49
RVI 0.08 1295.60 21.22 0.35 1104. 55 20. 94
REP 0.20 1204.70 19.73 0.41 1 054. 67 19.99
Dr/Dr;, 0.20 1207. 45 19.78 0. 31 1 139. 30 21.59
LCI 0.36 1 077. 05 17. 64 0.62 846. 19 16. 04
GNDVI 0.35 1092.58 17.90 0.62 846. 39 16. 04
NDVI 0. 30 1131.48 18.53 0.59 879.93 16. 68
i MSR 0.32 1116.02 18.28 0. 61 856. 04 16. 23
RVI 0.34 1097.37 17.97 0. 61 855.40 16. 21
REP 0.11 1271.49 20. 83 0.19 1237.81 23. 46
Dr/Dr,;, 0.51 944. 40 15. 47 0. 64 820. 71 15.56
LCI 0.52 939.76 15.39 0. 64 829.71 15.73
GNDVI 0.55 901. 63 14.77 0.67 791. 41 15. 00
NDVI 0.43 1016. 44 16. 65 0.61 861. 46 16.33
FFAE MSR 0.47 985. 08 16.13 0.71 745. 47 14.13
RVI 0. 48 978. 15 16. 02 0.72 721. 03 13. 67
REP 0.17 1228.62 20. 12 0.11 1297.79 24. 60
Dt/Dr,,, 0.13 1261. 81 20. 67 0.29 1161.90 22.02
LCI 0. 49 961. 39 15.75 0.79 634.90 12.03
GNDVI 0.53 929. 49 15.22 0.80 621.99 11.79
NDVI 0.43 1018.16 16. 68 0.73 717.31 13. 60
HE A% MSR 0.46 992. 62 16.26 0.79 634.20 12.02
RVI 0. 46 992. 89 16.26 0. 80 621.17 11.77
REP 0.23 1184.95 19. 41 0.26 1181.53 22.40
Dr/Dr,;, 0.51 943. 87 15. 46 0.70 749.71 14.21

2.3 ETHHEH EHERESLLSHNTE

HEERE

T PR PLSR AR 48 K LA K A Bl 46 Bss &
LSRR RE S R 2 3 P L 5 A
ML HEHOR 2 A~ 20 3h 280, i 3L PLSR Jr ik i gt &
JINFE AR TR A T 0 A T M S A s A
5B P A R R A RS 4 I I 3R 4 R
5, MEAMES ATLUEH 4 MEFYS,IFE
WAy P B AL B R B e (R® = 0.74, RMSE 2h
684.49 kg/hm”> ,NRMSE Jy 11.21% ), %I F % T
PR B A 2r b S 800 7 B A B R 0 3 5 A
1, RN — 3, RMSE fil NRMSE — 1 3/ ;
MFEAE I 203 2% 0, R® 32 B R JF 46 08 /N, RMSE I
NRMSE JF 4 38 fii, 4 4~ A= 5 300 9 7 B i 0 3 B
TG BN = mAT R -8 P ARES
9, A R fc 5 , RMSE Ml NRMSE i I, It 4=
Y A SORS B i (R® = 0.80, RMSE h
595.90 kg/hm>, NRMSE }9. 76 % ) , 2 f% 13 1 i 2

x4 ETHHEENFEGERE
Tab.4 Yield estimation accuracy based on

vegetation indices

EEFEW R? RMSE/(kg-hm~2)  NRMSE/%
WA 0. 44 1007.92 16.51
P 0. 64 806. 37 13.21
FAEM 0.74 684. 49 11.21
e 0. 66 788.78 12.92

x5 ETHHWHEBEIENIOLSHNF-ERERE
Tab.5 Yield estimation accuracy based on vegetation

indices and red edge parameters

EEM R? RMSE/(kg-hm~?)  NRMSE/%
B 0.47 983. 28 16. 11
P A 0.68 762. 81 12. 49
FAEW 0. 80 595.90 9.76
HE W 0.70 745.51 12.21

PRI o X FO R T R B R BRI TR R A
LSRN R A B ROR , ¥ 3R B T AR
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Fig.2 Relationships between measured and predicted yields of winter wheat at different

growth stages based on vegetation indices
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Fig.3

Relationships between measured and predicted winter wheat yields at different growth

stages based on vegetation indices and red edge parameters
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Fig.4 Distribution of yield prediction at flowering stage
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