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Abstract: In order to improve the accuracy of retrieving soil moisture content based on canopy
temperature information taking the different moisture treatment of the jointing field corn as the research
object and the UAV thermal infrared and visible light camera were used to obtain the remote sensing
images of the experimental area. Different image classification methods were applied to remove the soil
background and extract corn coverage and canopy temperature then the indices such as crown-—
temperature difference and the ratio of crown-emperature to coverage were calculated and the
relationship between the two indices and soil moisture content was analyzed subsequently. The results
showed that there were differences in corn coverage extracted by different classification methods and
there were also differences in corn canopy temperature extracted by different classification methods. The
crown-temperature difference  crown-semperature difference to coverage ratio calculated by three
classification methods ( Grayscale segmentation RGRI index GBRI index) had a linear relationship with
soil moisture content and it was better to invert the soil moisture content of 0 ~30 c¢cm corn root depth by
the two indices; the crown-temperature difference without removing the soil background held the worst
effect on soil moisture content while removing soil background by GBRI index classification enjoyed the
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better effect on the soil moisture content( R> was improved from 0. 255 0. 360 and 0. 131 to 0. 425 0. 538
and 0. 258 at depth of 0 ~10 em 10 ~20 em and 20 ~30 cm) ; the ratio of crown-temperature difference
to coverage inversion of soil moisture content performed much better than that of crown-temperature

difference. At the depth of 0 ~10 cm 10 ~20 cm and 20 ~30 cm  R* was 0. 488 0. 600 and 0. 290 in the

model set P <0.001

and R*> was 0.714 0.773 and 0. 446 in the verification set

indicating that the

ratio of crown-emperature difference to coverage was a new indicator for reversing the effect of deep soil

moisture in the corn root zone. This study provided a new method for inversion of the soil moisture content

of corn in the field by thermal infrared remote sensing.
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1 T1~T5
Tab.1 Soil water content at different depths in T1 ~ T5 zones %
! Tl T2 T3 T4 TS
o 14 12 13 24 22 23 34 32 33 44 42 43 54 52 53
0~10 128 125 151 126 165 13.7 13.3 17.6 13.6 1.0 10.7 9.4 127 10.6 112
201807064 10~20 12.8 14.8 16.5 14.1 152 13.0 159 16.0 13.0 11.1 11.9 7.6 12.8 12.2 13.4
20~30 12.1 15.3 16.7 14.2 14.7 11.0 15.0 13.3 10.5 11.7 12.3 12.1 10.3 13.7 10.7
0~10 9.1 9.7 8.4 9.9 10.0 9.4 13.1 12.6 10.0 10.0 10.9 11.2 9.2 9.2 10.5
20180708 10~20 9.9 9.3 9.4 9.8 9.1 10.1  12.7 12.3 12.7 8.8 9.3 8.6 9.4 9.4 8.7
20~30 12.1 14.4 8.9 11.3  11.8 9.9 16.4 11.5 11.8 9.3 1.3  13.7 11.1 7.7 8.4
0~10 10.9 13.8 12.3 7.7 4.6 6.6 7.5 8.6 5.6 5.0 6.7 7.2 5.8 8.0 4.7
20180742 10~20 11.9 12.4 14.5 8.1 6.1 6.7 5.8 10.5 8.1 4.8 5.7 6.1 5.8 6.0 4.2
20~30 10.0 11.6 14.7 11.0 11.0 9.6 7.4 10.5 7.7 6.4 8.9 9.5 9.1 8.0 6.4
0~10 13.5 12.2 12.7 10.4 10.6 12.6 9.1 4.2 4.6 1.8 9.5 10.9 7.8 5.8 5.6
20180747 10~20 12.1 15.3 13.2 12.4 13.1 12.7 9.3 7.0 7.4 12.4 9.5 10.7 8.9 6.6 6.9
20~30 12.3 13.7 13.2 11.8 12.9 10.5 7.1 6.4 6.7 8.6 7.9 10.3 5.8 6.9 5.9
1.4 3 o
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2 RedEdge
Tab.2 RedEdge multispectral camera parameters
and reflectance of reflector to its center wavelength
/ / “ 7 “ 7
mm mm 1% 1%
1 475 20 2.946 58. 446
2 560 20 2.945 57.958
3 668 10 2.993 57.339
4 840 40 3.070 56. 682 4 RGRI (2018-07-04)
S 7 10 3.010 57. 128 Fig.4 Histogram of RGRI values of corn canopy
and soil (2018-07-04)
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( G) ( B) . Al . AY . AY . o
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5
Fig.5 Extraction process of canopy temperature in thermal infrared image
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6 TI~TS

Fig.6 Trends of coverage calculated by different classification methods in T1 ~T5 test areas
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Fig.7 Trends of canopy temperature extracted by different classification methods in T1 ~T5 test areas
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Tab.3 Relationship between crown-air temperature difference and soil moisture content at different

depths obtained by different classification methods

/em R? F P
0~10 S,.= —0.0050T,, +0.103 0. 425 28.08 <0.001
GBRI 10 ~20 S,. = —0.0056T,, +0.107 0.538 44.18 <0. 001
20 ~30 S,. = —0.0033T,, +0.109 0.258 13.19 <0.05
0~10 S, = —0.00387,, +0.097 0.391 24.43 <0.001
RGRI 10 ~20 S,, = —0.0042T,, +0.100 0. 493 36.96 <0.001
20 ~30 S, = -0.0023T,, +0.105 0.211 10. 14 <0.05
0~10 S,. = —0.003 8T, +0.099 0.374 22.75 <0.001
10 ~20 S,. = —0.0043T,, +0.103 0. 498 37.68 <0.001
20 ~30 S,. = —0.0024T,, +0.107 0.212 10. 21 <0.05
0~10 S,. = —0.0021T,, +0.103 0.255 13.00 <0.05
10 ~20 S,, = —0.0024T,, +0.107 0. 360 21.36 <0.001
20 ~30 S, = —0.0012T,, +0.109 0. 131 5.74
9 - 10 ~20 cm

Fig.9 Correlation between crown-temperature difference obtained by different classification

methods and soil moisture content at 10 ~20 cm depth

- (R* =0.255 0.374.0.391.0. 425)

0~10 cm 10 ~20 c¢m R* =0.360 0. 498.0. 493,
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0. 538; 20 ~30 em  R* =0.131 (R*=0.36 P <0.001) GBRI
0.212.0.211.0.258. -
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3 (0 ~30 cm)
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Tab.4 Relationship between crown-temperature difference and coverage ratio and soil moisture

content at different depths

/cm R F P
0-~10 S,.= -0.0025T,,/V, +0. 106 0. 488 36. 25 <0. 001
GBRI 10 ~20 S, = —0.0028T,/V, +0.110 0. 600 56.72 <0.001
20 ~30 S = —0.0016T,/V, +0.111 0.290 15.50 <0.001
0~10 S, =—0.0014T,/V, +0.098 0. 450 31.03 <0.001
RGRI 10 ~20 Spe = —0.0015T,/V, +0.102 0. 550 46. 43 <0.001
20 ~30 S,.=-0.0009T,,/V, +0. 106 0. 266 13.75 <0.05
0~10 S,.=-0.0025T,,/V, +0.101 0. 406 25.92 <0.001
10 ~20 S, = =0.00297,/V, +0. 105 0. 564 49.17 <0.001
20 ~30 S,.= —-0.0016T,/V, +0.108 0. 240 12.03 <0.05
4 - 20 em( ) ( GBRI :R°
0. 600( 20 cm) 0. 488( 10 cm) 0. 290
3 20 cm (30 cm) ) o GBRI
(P<0.001) 0~10cm _
R’ 0. 488.0. 450.0. 406 - 10 ~20 em ( )
R*(0.425.0.391.0.374) ; .
10 ~20 cm R*  0.538.0.493, a6
0. 498 0. 600.0. 550.0. 564 -
3 —
10 ~20 cm R’ RMSE -
0. 600 ( GBRI ) > 0.564( ) >
0. 550( RGRI ) GBRI 5(« y

. 10 ~ ).
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Tab.5 Fitting curve between predicted and measured values of soil moisture content by different classification methods

/em R RMSE/% P
0~10 y=0.971 4x +0. 002 8 0.714 1.32 <0.001
GBRI 10 ~20 y =1. 055 4x —0. 006 8 0.773 1.36 <0.001
20 ~30 y=1.2927x-0.0347 0. 446 2.09 <0.05
0~10 y=1.1713x-0.018 7 0. 681 1.43 <0.001
RGRI 10 ~20 y=1.282 4x -0. 033 0 0. 708 1. 64 <0.001
20 ~30 y=1.6331x-0.0712 0. 448 2.16 <0.05
0~10 y=1.027 6x —0. 0029 0. 631 1.50 <0.001
10 ~20 ¥ =0.996 7x —0. 001 7 0.705 1.55 <0.001
20 ~30 y=1.443 0x —0. 049 7 0. 464 2.08 <0.05
5 0 ~10 cm 10 ~
20 cm -
(P<0.001) 10 ~20 em o
R’ 0.7 3
RMSE 2% 20 ~30 cm
(R 0.5) GBRI o
(RMSE 2% ) o 3 (
GBRI 0 ~30 cm
(10 ~20 cm: R =0.773 0.708.
0.705; RMSE  1.36% 1.64% 1. 55%) ,
3 \
3 33-35
GBRI o (1) ( RGB)
GBRI
( RGB) ( .
) o
(2)
GBRI
( )
(3) -
( RGB) -
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