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Abstract; Rapid acquisition of soil moisture content ( SMC) in crop root zone is the key to drought
supervision and precision irrigation. The relationship between the unmanned aerial vehicle ( UAV)
multispectral remote sensing and SMC was mainly studied based on the field maize data of experimental
station in Zhaojun Town, Dalate Qi, Inner Mongolia. The canopy images of field maize with five irrigation
treatments were obtained at different growth stages ( vegetative stage, reproductive stage and maturation
stage) through the six-rotor UAV equipped with 5-band multispectral camera, and the SMC values at
corresponding time was acquired by drying method on the field at five soil depth (10 cm, 20 em, 30 cm,
45 cm and 60 cm). Then the spectral reflectance of field maize canopy was extracted to calculate a
number of vegetation indexes ( VIs). Firstly, data was adopted to analyze the grey relationships between
SMC and the selected typical Vs, and the selected typical VIs were used to determine the sensitivity of
different VIs to SMC at different growth stages. Secondly, machine learning models of Cubist, back
propagation neural network ( BPNN) and support vector machine regression (SVR) were constructed and
verified. The result showed that the three machine learning models showed good performance on modeling
and prediction at different growth stages. The effectiveness of the SVR model was optimal among the three
machine methods. The effect of the BPNN model followed, and the Cubist model was relatively the worst.
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The optimal model was the SVR model at M stage, the modeling R and validation R* for the SVR model
were 0. 851 and 0. 875, and the root mean square error (RMSE) both were 0. 7% , and the normalized

root mean square error (nRMSE) were 8. 17% and 8.32% ,

respectively. The inversion accuracy of the

SVR model at R stage performed badly, the modeling R* and validation R’ for the SVR model were 0. 619

and 0. 517, respectively. The research result was of great significance to monitor the soil moisture content

in root area of crops and meaningful to precision irrigation.

Key words: maize; soil moisture content; UAV remote sensing; vegetation index; machine learning
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Fig. 1 Layout of testing plots
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Tab.1 Water treatment %
IR AT AE X Vi R I M 1
T1 100 100 100
T2 65 100 65
T3 40 100 80
T4 65 65 65
T5 40 100 40
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Fig.2 UAV multispectral images acquisition system
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Tab.2 Statistical characteristics of SMC

G ] FEAR R FEARL FKME/ % Fe/ME/ % Bift/ % i i 22/ % A5 5 R %
JERIN PN 45 17.43 4.91 10. 38 3.1 29. 82
v i A RE AR 30 17. 43 4.91 10. 41 3.1 30. 00
B30 RE A 15 15.03 4.92 10. 31 3.0 29.32
JERIN PN 30 11.92 5.34 8.56 1.9 22.50
R ] TR A 20 11.75 5.34 8.43 1.9 22.52
B3 AR A 10 11.92 5.64 8. 83 2.0 22.15
FERENEN 30 12.30 5.52 9. 00 1.9 20. 84
M HERERE A 20 11. 60 5.52 9.01 1.9 21. 00
B3 AR A 10 12. 30 5.98 8.99 1.8 20. 51
SREEA 105 17. 43 4.91 9.48 2.6 27. 62
LEEW R 70 17.43 4.91 9.49 2.6 27.83
IR EAE A 35 15.03 4.92 9. 44 2.5 27.17
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Tab.3 Vegetation index summary
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AR 1) B B A T A R KU S5/ A T B 2 T
R FH T 43 2 AN 1] A 1 — P AT B ML 2 2 B
B, B AR R TR B 3 T B R 4 SRy e I SRR A
TEAL BE/NFEA AR 21 DL K e 4 AR 2R 1) 1) R b A
PoF AR KRR bve ik 1 4EXCIOME™ F1 ™ o 27 ) 7
SERVES TN R R SVM L fi bl [l 0 ) A S
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Qﬁ@*%*'JEEUA@Bug&o TX A A £ A A 8 i i
¥ bR BOR 520, WO B0 R R RO 2T R B
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2.1 ETREXBKRSTHERIEBESE

TEAS [A) A2 7 30 26 5 R R DK @8 2% 8 08 Al i 4
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Tab.4 Gray correlation degree( GCD ) statistics between different vegetation index and soil moisture

content (SMC) at different growth stages

B 3 SENEAE h— S — SN — B2 L -
KR HEy KR HEy KR HEy F R HEy
MSR 0.922 5 0. 875 3 0.942 3 0. 858 4
NDVI 0. 861 10 0. 892 1 0.939 5 0.874 2
OSAVI 0. 850 11 0. 866 6 0.936 6 0. 843 7
RVI 0.934 2 0.872 4 0.944 2 0. 867 3
SAVI 0.916 6 0. 862 8 0.933 7 0. 838 8
RVI2 0.907 7 0. 870 5 0.942 4 0. 855 5
SIPI 0.929 3 0. 886 2 0.945 1 0. 885 1
TVI 0. 893 9 0.799 14 0.931 9 0.819 9
EVI 0. 904 8 0. 830 13 0.922 11 0.793 11
MCARI 0.761 14 0. 858 10 0.933 8 0.782 12
TCARI 0. 844 13 0. 698 16 0.912 13 0.726 14
Gl 0.940 1 0. 865 7 0.917 12 0.811 10
GNDVI 0.403 18 0. 844 12 0. 895 15 0.671 15
SRPI 0. 846 12 0. 844 11 0.908 14 0.744 13
NPCI 0.749 15 0.592 18 0. 566 17 0.561 18
NDVIg,,, 0.928 4 0. 861 9 0.928 10 0. 845 6
PSRI 0.707 16 0.597 17 0.522 18 0. 564 17
VARI 0.415 17 0.746 15 0. 885 16 0. 639 16
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Fig.3 Changing curves of vegetation indices
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SRR T LA 450 nm Sy A0 10 85 B BE DL %
PL 670 nm Sy Hhts 1 £1 95 Be i T 43 6 385 1 5 0 i
A, MAE 540 nm - [ 25 g B R 20 W Wi %5 2 i 52 i A
W, 45 AL 32 B K W ae AR R A, i R A
S BRAR A 7E WE | 21 I B W IST ek 2 T s S g A, T
LS ANE N ST I R (RS URAR b oyt m N 4 g
N EB A AN S5 # T e TR W B OGS R L T T Y
200 W B 0 A0 MY s B 1) 22 B RS R BT I LD MGG Y
[ O & S ER TN (O N I R S = 1 R o
AT EL AN BT AT UL B B B A 58 78 Al e SR e
FEARTE WA, PRI A [R] 35 B A g 1 A 4 4 BT
EE WA SRR AR,
2.3 ETF Cubist P HIEEKEFERHE

X AN [ A 7 40 30 ) R iR O Sr 2T
TR A 15 (Cubist) 73 H7 , Cubist 451 5 f) P 4 21 22
2% committees Fl neighbors 1H iF caret £ [f) train PR
KO AT BRI 2 R0 O 8, R JH 52 30 i 0 A 48 R
1% (Grid search) #1255 0 7 L 247 S 8050, 8 I
fh SRR RMSE f /o e & YRR S 500, MR A
JE (AR 2 B 57 R [F] AR B I ) Cubist [A] 5 85 7Y
(££5)

x5 ETAREFHITESKER Cubist &E

Tab.5 Cubist regression model of soil moisture

content at different growth stages

e LoaTEE S
AE W e RMSE/ nRMSE/ RMSE,/ nRMSE, /
% % ' % %
vV #j 0. 806 1.4 13.43 0.728 1.9 18.77
R # 0.587 1.3 14.97  0.584 1.5 16. 80
M 0.772 0.9 10.07  0.751 1.0 11.39

L FHH 0.774 1.3 13.39  0.686 1.4 15. 47

S FTRUAE VI M3 4 A 7 00 A A
RT3 R 5 -, SR 6 IE 14 R SE 2R BB AE 0. 68
PAE 3 HARA A A B0k 4 1) nRMSE #84 T 10% ~
20% Z 1), J& TN ZE S o RO ROR M X822, it
BEHN B E U E 2R K0 51 0. 587 110584 At B A
5, MUY A A TR g e e M 0 TR, ML B 4 K
R Cubist #5871 Y BT E R BN 0. 772, R /N TV
W1 0. 806, H I, JLHG UE s R #L 0. 751 g 4 4> HE
T rb g, B R SR (19 nRMSE U 11.39% J& # /N 22

5t RMSE {0 1% ,#8Jg 4 B8 /M, B
I IF 45 1) b RE 2R B0 FL BRI
2.4 EFBPHEMAKMTEAKRERGE
FIH caret 8 ] nnet Il ZrBA 2 & )2 N T4
W2 f5 e 2 AR VB 1000, [0 3 5 BRI R 1Y
TE S HOR T 10 WKIY 5 47 28 SUKIE ) A% 48 % ik
(Grid search) HE 172 ¥ T4, 16 HUAh 3 155 750 114 3F- 3
P75 HRAR 22 Fe /NI 1 BBV N S R IR TR 2 807
AR 5 170 A8 780 2 U N7 A ) AR B 1 BPNIN o] U
B (£ 6) .

x6 ETAEEFHLER/KER BPNN EHE
Tab.6 BPNN regression model of soil moisture content

at different growth stages

i S IiE e
EH RMSE/ nRMSE/ RMSE,/ nRMSE, /
v i 0.805 1.4  13.28 0.715 1.8 17.5
R 1 0.517 1.3 1565 0.438 1.5  16.91
M 3] 0.794 0.9 9.54  0.815 0.9 9.54
AAFEW 0752 1.3 13.89  0.725 1.4 14.74

3R 6 Al HI, B T AR A & - 5 EKEm
BPNN [a] IS A,V I M 39 DL S 4 A= & 300 A A
TSR 5 Ty, R ASE A 0 6 HIE 4 1) e 5 R BB AE 0.7
L I+, RMSE #B87E 2% LA F ,nRMSE #87F 20% LI T,
FORBA G AR /NZE R o R HE R 5000 2%
SRR AT Ho At A 7 0SS AR A 2% | L A R 9 I 1Y 2R
FEFRET N 0.517 F10.438, SKRFE, M HH
TR AKC R Fe O, LSS TR 1%y S R R I E 4 1) TR R K
B M BEIT, 400 A 0. 794 F1 0. 815, HEE e g 2R KRS
ANT VOB T E AR 8K 0. 805, H 2 6 TR 4R 1Y Tk E
RECR 4 A BB B K AE, 30 Uk 4 1Y RS R R B
nRMSE {74 9. 54% ,RMSE {2} 0. 9% , %5k 4 4~
R e /ME
2.5 ETXHEENNIESKEERNGE

FIH 1071 A< 5 B tune. svm pR &3k 47 SVR
A Joe G 38 B, ) M A8 3R R IRORE A 2 8
gamma FIELA Z B cost, 6 HUAE I IE 152 22 35 /N Y
H5E T8 Jr X 7 P 2 80, R 0 32 1) A5E 7R 2 A [
AF MR SVR BIHBRI(E 7).

T ATLLE B, B TR A AR & 00 KR
(7 SVR [BIHELARS e VI MO 4 A 5 0 A @ A
G UE IR LA, A5 R T 0 A e 8 R ABGA B T
0.7 LA,V I M % A5 0 40 i 1 R o 2R B8R 3
T 0.8 LA I, A AE A IE 4R ) nRMSE R 7E 15%
AR RO B RO AR B 2, i8S R G0 TIE U 2 R 008
5124 °0.619 1 0. 571, A b A5 F0 45 UE 1) nRMSE 43
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®7 ETABEEHLIESKERN SVR &FE
Tab.7 SVR model of soil moisture content at

different growth stages

i s LAnES
AW RMSE/ nRMSE/ ,  RMSE,/ nRMSE,/
% % ' % %
V 3 0.832 1.3 12,36 0.818 1.3 13.16
R 0.619 1.2 14.05 0.571 1.4 15.53
M 0.851 0.7 8.17  0.875 0.7 8.32

2ETFW 0.781 1.2 13.09  0.729 1.4 14.75

WK 14.05% F1 15.53% , ¥ J8 TR /N5 TR, %
BIAE R IR SVR [ul 9 [R] A LA 45 8 11 A A5 R i
WIBE T o Wl SRR, M A e 455 R 7300 A% SR e
DG, AR A R0 30 TiE 4R 1 R i &R B i R 0.851 AN
0. 875 % h 4 AL B e KA, 30 3iF 48 1 OKG 2 48 A
nRMSE {X %y 8.32% , JL-F JC 2 5%, RMSE_ {{
0.7% , &5 4 DEAY e/ ME
2.6 EENEEEN

25 ~7 AlAHL3 FibLgs 2 BRI ok V
WM R A T A R R R AE 0.75
PLE #5822 RMSE ¥17E 1.5% LLF  hr e ¥ 07
1% 25 nRMSE B/NTF 1. 4% , EREUAT T 45 = 1 g A
K BE 5T 3 FhbLER 2% S BEAUAE R % AR B2 AH XF
B2, AR E RBCR A 0.5 ~0. 65 Z ] ,RMSE #
/NTF1.4% ,nRMSE 4+ F 14% ~16% Z [l . A4 i
T, SVR B HBOOR e i, H R AE 4 SR E
3 P & b 8 Sy i K, RMSE Hl nRMSE #5 g 4 4
AF IR 3 AR Y R /ME . BPNN AR )
BORAE VAT M I T Cubist BERL M 7E R 1 F1 4>
A H W ERIACR Cubist BAL T BPNN R, M
BTG GIE 25 S, 3 Fh AL A 2 > 15570 05 i o E R 4L
RIS ZB R Bk 22 F R K {H SVR BRI H
A AR IE BLIL RIAE 4 A EE Y 3 R
B BR T R BI/N T Cubist BEEL A RT3 4045 b d
KAH o 3 FhAILAS 24 20 B 560 UF 24 7 AL iR 22 RMSE,
L Ay MR 1% 22 RMSE SRR A 14 i, {5 SVR 45
RIAFfR /N, H SVR FAL ) RMSE &84 e /NMEH . 3
TR Y Y A ME X8 7 AR 12 25 nRMSE | AH 58 F B b
¥I 5 A iR 22 oRMSE 1 A5 fr 3% i, SVR % 54 {1y
nRMSE & 77644 5 g KT BP B (1) nRMSE,
ZHN HRE R ME . TE VI M L RS EE
191, BPNN A5 (1) f 4 565 IE 550 R &R A F Cubist 17
1M 7€ R 1, Cubist 5274 [ 55 31F 550CR fE F BPNN A5

4 AT 3 B AL A 2T A5 A 1) T 0 R RN S
AL 4 FroR . IWE 4 of DL B BR T4 R
3 IR Y 0L RO AR R A 22, LR 3 A R

H ) T 45 S0 AL A 400 SR I R B R AR V
SVR MBI AL 252305 1, HALA 7 R e R Ak
0.818, % 3 Fii A s iy fe Kl . R ) Cubist #5751
B O R U R, M 0. 584 {H £ &% th i
Sy E Ui, BPNN A5 750 fy 4045 07 P 1 e R i dme /N,
0. 438  {H &4k 4B N 2%, SVR BEHIA T % 2 il o
M 319 SVR A F1 BPNN K0 1 24 50 45 LL e 132 3
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FRY PR 00, S S A R D, 2 5 RS o 0 K ) R Al
FISCHE . 246 B T B 45 A% 7 A R R I A 2 K
R T2 1 K SRS 1 B T A AR [ A
WS Ok FAE LK 20 3t bR 0, 2 T i 422 6 0 o
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Cubist(R*=0.728)
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Fig.4 Contrast of measured and predicted SMC based on machine learning

AW, AN TRAEL AR O oK o3 e dE 60 U BB O AN
TR 5 76 A [ A2 7 30 , B 6t 9 e B 48 B A AR R Y
25t MO S £ HOK T E LR VA M M
BERUORAAE , R WO 8022 o I DA AT fiE O K A8
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