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Abstract; Precise prediction of chlorophyll content in different vertical positions of tomato canopy is an
important indicator for timely prevention and control of tomato diseases and insect pests, precise
fertilization and irrigation. UAV can quickly and efficiently obtain crop canopy spectral information,
which facilitates agricultural production. Aiming to predict the soil and plant analysis development
(SPAD) values of different vertical positions of tomato canopy by using multispectral remote sensing
images of UAV. Firstly, a UAV equipped with a multispectral camera ( Sequoia) was used to obtain
multispectral images of the tomato blooming and fruit setting stage, fruiting early stage and fruiting late
stage. At the same time, SPAD —502Plus chlorophyll meter was used to measure the SPAD values of the
upper, middle, lower and the whole canopy of tomato. The SPAD values of the three growth periods of
tomato showed that the SPAD values of the upper leaves of tomato canopy were higher than those of the
middle and lower leaves in the fruit setting stage, and the SPAD values of the middle leaves of tomato
canopy were higher than those of the upper and lower leaves in the fruiting stage. Secondly, RTK was
used to record the location of sampling points to establish region of interest ( Rol) and extract the
reflectivity of each band in Rol. Vegetation index was calculated according to the reflectance data. The
correlation and sensitivity between SPAD values and vegetation index of tomato upper, middle, lower and
the whole canopy were analyzed. Finally, the best vegetation index was selected and the prediction model
of SPAD value was established. The study results were as follows: the correlation degree and linear
sensitivity of SPAD values and vegetation index of the upper canopy leaves were better than those of the
middle and lower canopy leaves. In the same prediction model, R* value of the upper and the whole
canopy prediction model was higher than that of the middle and the lower canopy, so it was difficult to
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accurately predict the chlorophyll content of the lower canopy only by using the canopy spectrum. The R

value of support vector machine (SVR) model in the upper, middle and lower layers of canopy and the

whole canopy was higher than that of partial least squares ( PLS) and BP neural network model. The

research result provided a method basis for UAV to accurately predict tomato canopy chlorophyll.
Key words: tomato canopy; UAV; multispectral ; chlorophyll
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Tab.1 Sequoia multispectral camera parameters

B WA /nm WFE/mm OGRS HER/MG R
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a6 660 40 8
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Tab.3 Modeling and verification results of different estimation models for SPAD value
AR LioaNiS
PR o7 HARAR -~
R? RMSE MRE R? RMSE MRE
TU OSAVI .REG NIR NDVI 0. 61 2.88 0.36 0.67 2.40 0.25
™ OSAVI .REG NIR NDVI 0.53 3.01 0.15 0.64 2.83 0.24
PLS TL OSAVI NDVI 0. 50 3.53 0.24 0.47 3.44 0.35
TC OSAVI .REG NIR NDVI 0. 62 2.22 0. 06 0.65 2.01 0.11
TU AR 0.61 3.10 0.02 0.63 2.89 0.51
™ A7 0. 60 2.57 0.01 0. 64 2.42 0.45
BP TL LA 0.53 3.29 0.24 0.50 3.85 0.17
TC AR 0. 61 2.23 0.05 0.63 1.98 0.17
TU By 0. 68 2.84 0.39 0.76 2.08 0.05
) ™ SR 0. 64 2.75 0.04 0. 65 2.40 0.08
SVR L S 0.55 3.51 0.11 0.51 3.55 1.02
TC LA 0. 65 2.26 0.20 0.74 1.68 0.25
667 661 -
6al  ¥=0.615x+20.38 pa| ¥=0-341x+24.384 gg, y=0.3544+30.851
w@f  R=0.67 c@f _ B-064 6t R=0.47 A
S | RMSE%2.83 o
60l RMSE%2.40 60 3 sl RVSER3.44 N
O MREWO2s A 58F  MRLEg0.24 ol MRE%0.35
i s6r @ 561 A .52
= 54r = Ar ApM
52t s 30
50 g A a
481 46+ A
461 AL a AR
441 a0t
42 44 46 48 50 52 54 56 58 60 62 64 66 40 42 44 46 48 50 52 54 56 58 60 62 64 66 38 40 42 44 46 48 50 52 54 56 58 60
FE S S
(a) PLS-TU (b) PLS-TM () PLS-TL
62r 661 } -
col ¥=0.627x419.238 eal 7=0.778:+12.053 y=0.648x+19.241 .
sol R’=0.65 A 62t R*=0.63 R’=0.64 -
%6 | RMSEX2.01 60F RMSE42.89 RMSE £2.42 N
- MRE40.11 58+ MRE }0.51 A, MRE40.45
o 541 o 56f ™~ 7'y
< s % 541 A
i S0r & 52r
461 I
461 A
M, 44t %
40 42 44 46 48 50 52 54 56 58 60 62 40 42 44 46 48 50 52 54 56 58 60 62 64 66 42 44 46 48 50 52 54 56 58 60 62 64 66
S ST ST
(d) PLS=TC () BP=TU () BP=TM
- 60r 64r
[ y=0.479x+25.041 y=0.7132+14.375 ok 7=0.6226+19.771
[ R=0.50 A 5807 R=0.63 > R=0.76
| RMSE%3.85 LA 56 RMSE%1.98 RMSE#2.08
521 MRE}0.7 4 u sal  MREX0.17 MRE%0.05 A
el - . o5t ‘ ry
<M gop
I a8t
[ A sl 7 A:
L »
[ wul A
A\ L L L L L 1 L il L L L 1 1 L L L L L L L ] L 1 L 1 L L L L L L 1
36 38 40 42 44 46 48 50 52 54 56 58 60 42 44 46 48 S0 52 54 56 58 60 42 44 46 48 50 52 54 S6 58 60 62 64
SEMIE SEPIE STNE
() BP-1L (h) BP-TC (i) SVR-IU
o4r ¥=0.428x+30.230 2Zi)':0~3824%+28-918 001\ _0.644v+18.579
62r R=0.65 %2 I R :‘(?.51 581 R1=0.74 .
60 RMSE %240 R o RMSI 43,55 a s61 RVISE41.68 A
S8E MRI0.08 oo MREmLO02 sk MREX025 4.
4 £ 4 - 52
F'g 441; 50
42 8
aof
3l 46
36t a4t
44 46 48 50 52 54 56 58 60 62 64 34 36 38 40 42 44 46 43 50 52 54 36 42 44 46 43 30 52 54 56 58 60
SIS S S
(j) SVR-TM (k) SVR-TL (1) SVR-TC

7 RRREE R
Fig.7 Model result verification
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Fig.8 SPAD distributions in different parts of tomato canopy
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