A0, el X % 5 0k i 4 W Vol 40,No. 6,ppl965-1972
20204 6 H Spectroscopy and Spectral Analysis June. 2020

EANIEHRIE EXKEE KB SN

1,2

xOENE M BYT, BRA
L AT A MBRBLE 2 B . DI ARAS 610059
2. B LU AL 0 R TS I AR 610059

i OE KRR RO ORI A D) BT LA TR R KB 1 5 k.
TN EAE N BT BB ART- 5 + RIE K 2 52 B K B 300 i Y D' 38 i R A7 B8 . OF I T8 A BL R O i R
AR AR XS I REH 0 AT e DR AT AR S . R AR OK 2 A I R 309 L )L 5 D S JZ 500~ 900
nm (19 185 0 1R . AR SRR AR 10 S 0RO 3T A — B B TR R BRIBUHE 12 AR B SR B B 12
AW B B 30 . 514, 532, 553, 680, 714, 728, 756 I 818 nm, JTLLAL . L1 SR B KLU B . AR AT
N H B R 0 T M 2 R o AR SRR B M 13 R X R TR SR DK B () M IO S K B
G T e B s K BRE i 175 4 280 (DD B A9 SRRV st 5 >R T J2 DK BRE g 19 M S 8, 36 i 1) T 6 A L 2 U
I DR BT DI B RS B SR A o 45 SR R W - B 9 48 B0 — B 2 o6 3 Tt B LA RS T LR
o3 3 5 )2 DIE 45 4096 (680~ 714 nm) FIE LT 4P (770~ 818 nm) 1 B2 5 3 K — v s 43 S 8 P 19 £1 1 437 5 (680
~756 nm) MISEVERE B3, 5 a06R BAHSCMERR. 7 13 ALEMDEIE S H0b, 8 415 dBURE e 2 K BEA 52
T DI 3% B % 5 HC KT, do RECRDOIKE 0.8 LU E L S A B R K5 0.8 LML S5
T T AR 2 R BRE v M 0 A 0 ) g s o R R S A A ) 5 N[ AR TR A 0N R AT A S R . KR R
WY, e AE] . B DIENDVICSD, o SD, ) 9 [l 5 7% 5% (0. 829 3) Mk E R B (R =0. 842 D #fE 538 1. #77
R (RMSE=4. 59) FAHX 1 22 (RE=12. 3) B/, SLHIEE R DENDVICSD, , SD, O i U fig 7 AR & 50
R o A5 AT IO A A B A e M AR, U AR B A T T A WL o A M R AT R X
i HEAR M 1) e Jie AT — R I A M M

KR AN mEIE: ok KB W

FESEE: TP7Y ERFRIRED: A

5l

ol

KR T FR 2 o 7R A R AR W bR AR Ty 2
— o FOKRRBERG . E— M FH B E N BRI, W EH
RS TR e S N (s S i1 N SN A I BB U R L £ S
R VR R R BT ) AR I R B 15 . R S A
B[] 4L

TEAY 38 B A A8 5 o1 8 R 2 A8 D 3 R B 3
B E W SO S S5 R O S BT TR O DX ) S S A 4
LU R A RS, B L0 A X I R BRI R G R
G, Jones SIS TG I B A 100 1 S ST
FEAEEAN L AT LG AL 2L A Y E B OCR L R WA TDOE I AR

Wi BEH: 2019-05-08, {&iTHHE: 2019-10-13

DOI: 10. 3964/j. issn. 1000-0593(2020)06-1965-08

N0 FE 1) 2 5 A P B T AT R . 1 2 R B R TR A O 1
AiE S HE 15 7 18] ¢ B AE AR A9 A S 4k o I BB F 5 S 40 I
Ol TR R I B T AR

LR FF 2658 2 1o ek o AT 00 A e T R D 5 A B
TERATFEA Y T 0 AFTEAR AL BRAR R T 78 ARl 28
o T BRI AR I . B PR R S B R R IROR
A REAE AR IUR I 2= 0 B A AR A 4 5 [ A ANTE TGN PL i
SRR AR W T 48 2 R B B T SRR L W D R K
TG A2 1 I i 2 20 D /N 22 3 A (5 B3R B . Juliane Ben-
dig 4R 3L TC AL Y 3 R k5 RO 1S R RO 45 A
FAT R A i W o W AN A6 32 R AL e i 3 1%
X 2015 AE/NE 2 A F IR KR FE .

T A A7 22 25 M JC LI AR G0 5 K T J2 0 7 4

BEEWMA: HEHAP RIS T H (41602355), PO HRRFE S5 H (18ZA0061) ¥ Bl

EEE A B M, 1994 5E4E, BUAR B L2 B R 98 AR
* JE IR R A

e-mail: xiao00yao@163. com

e-mail; 547237976 (@qq. com



1966 Stk 5 4B

%40 %

MBFEFE . RS T 36 T AR 6 I £ Kk 82 K B
DUSEH I TE AL 255 06 15 SO O £ K0 )2 BEAT Ot 3%
IR AT BREOGIE A RE AECR B, WF 5 LATE A B D A R F
B0 K e 2 R B T BT A S T R RO MEAR L R
AR B R S

1 SEgHER

1.1 HRXER

P V) 3 30 XA U 0] 4 0 B T o L, bk D )T A ARt
B, H B AR KRR R £5 105°05708”, At £k 32°05'35", %ML X L)
SEINAN B HOSR O T RS, RAEW R SR,
PR B 97 16 B . 33k 3 U3 B (B, By, By, AR
I S AL 300 m®, &1 R B, BFRIX.

R KT *

1 B fIEKX
Fig. 1 The study area B,

1.2 #ik R Bsh

SRy PR U e H S 06 A A B — s AR 6 35 OB R B 4
Gl IR 2 E I E 8 5 TR N IR I X 4. iR BE B N AT BE
0.8 m, BREH 0.3 m, I & B S i A O 1 50 R T A 5% 0 .
P 3 A RBEGEER K, 7 H 17 H/Ahmiml o= 7 A 28
F il e 30 e 42 o R 43 301 R B (0 3D Be (2 PO F By (4 90
BEYUCR W 55 1 AR B2 1X10° A4S« mL ' 9 KW 43 A=
T B IR .

1.3 BNRSEAERK

W R 58 T AHLT & OGS K . T AWLT-& K
8 M600 Pro #I7XHITE A ML, A AL AT 6 ke, ZEMHiRS ] 25
min, R D-RTK GNSS & i £ 4. # i F &8 GJT GS
pro B B T AML AT S BCRAGE . 2B T ML € AT
. O B EOE R R BUR &  2F 22 4 7 I SENOP
RIKOLA B 556 3% BB AL . 206 R G4 T VIS VNIR 56
T RN I P IR EMR . E R 100 m B4R BEE S 6.5 cm., ok
T Dl 500~900 nm. FETE A BER s ik 1 nm, A5 A0
BB 380 4,
1.4 ZEHERMESHELE

(1) @ GRS 2 AR AR

LIS AZ T 2018 4E 8 A 5 H 11:00—13:00 ZE {50 X
B—UCRE, RASHEWIJC K. BEBE R R AL F il e, 5 )2 W
H 3R B 6 SRR AIE . S 43 ) 7 T S 300N o8 B T UOR 4
A% . TC ML CZ AT, 2 X i o T A LR T R AL
iE, HEHSHRIEATEA AR . AL AT R 120 m,
PN S m s ' GBS B E M T . A£HER 9 mm, B
FEHFIR N 7 ms. B 2 R REHRE T KRR

(2) 95 1% 46 H (DD {8 4 #

TAMLE G AR RE MR, 25 X L5 thEK N
— AR I X B S IR 120 K A R4S GB/
T23391. 1-—2009¢ F KA . /NBES Al T K I B ¥4 0 AR FLIE 56
1By FRKBEE) G R, 456 Tk 2 L hams &R,
I R 1 8 BT 58 U R SO 2 DA,
DX
DO, 2 AEBERNORE, n REGSHEM 9. /A%
T B2 04 0

(3 FGIE AR Ab 1R

% RIKOLA SR M AR A W 8+ Rikola HSI #1744
SRCIEANAL B, 72 ENVI 5. 3 B4 st b #1L5 18 52 1R 347 1%
B MR M TR AR ORE AUAE S R R X R A B A %R X
(ROD, L ROTSE-#56 535 52 26 4E S 2R m06 i B4 % T
IR X 90 AR SR A REAS . TR 30 AN EEARAE N K g
A,

DI X 100 D

2 AEABETHEXREE
(a) : fiFE; (b): PR s (o« IR

Fig. 2 Corn canopy under different conditions

(a): Health; (b) . Moderate disease; (¢): Severe disease
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Fig. 3 Spectral reflection curves of corn canopy
at different growth stages
(a): Tasseling stage; (b): Filling stage;

(¢): Full ripeness period
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Fig. 4 First-order differential spectral reflection curves
of corn canopy at different growth stages
(a): Tasseling stage; (b): Filling stage;

(¢): Full ripeness period

RIKOLA 4 vh &L & £ & GG 240 KA % I By
BN 3RAE SPSS Bk o E AT S Mk s AE Stk A A 5, AT LR
SUAH R BT S H 450 E KT R OISR AE . BT LR Y A
B B AE . AR S0OE M B SO FNE LLAN M B 006 A
TN B . L1 H I OGS S B TR I 5 R E g o 3 R
LA BN T B T3 P RS T DL ST 5 v 13 A DL
HL WO E 61 2 B0 JEAl . AR T K T2 D't 33 17 A X 2 B ik
Frost . T B KT8 2 K B W A R g by . 3R 1 Dy ik
Ja B G 25



1968 i 2% 5 61 43 Hr

x1 HEEXEH

Table 1 Disease related index

PRSI &5 5% ik
GNDVI(Ry; » Ry;) (R756 —Rs53)/(Rys6 T Rs53) [7]
SDg G A — B i o3 (B 5 A [8]
SDr LN — W i (i (8]
OSAVI (140. 16) (Rg1s —R714) / (Rs15 + R71q 0. 16) [9]
PRI(R;; s Ry;) (Rs14 —Rs32) / (Rs14 T Rs32) [9]

NDVI(SDy; » SDy; ) (SD725 — SDgs0 ) / (SD72s +SDgso )

MNDRE [Rnir— (Rre —2Rc) 1/[Rxie +Rre—2R)] [10]
GRVI Ruie/Ro [11]
GSAVI 15[ (Rnir—R6)/(Rxie + R +0.5) ] [11]
SDr/SDg 23005 50 A — B AR A LSRN B 1 [12]
CI(Rir» R6) Ryir/Rc—1 [13]
RERDVI (Rg13 —Rss0)/ [14]
RERVI(Ryir » Rie) Ri/Rge [14]

T+ Ruies Rres R B Ry 43 SRR GISTEIT L0 | 21, 2. Rt A A i Bt
BEI9¥ME; SDe » SDr K SDy 43 M4 203 Rt 2 b BB — B it

Vip iy i
Note: Rnirs Rres Ri and R); represent the mean reflectance of the spectrum at
near-infrared, red, green and wavelength A; SD¢ ., SDg and SDj; are the

first-order differential spectral values of green, red edge and wavelength A
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Table 1 Correlation between DI and spectral
parameters of corn canopy
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RERVI(Ryirs Rre) 0.757 1 0.779 1 0.812 5

2.2 SSRGS AT

25 bR, SES R R A F 0.8 KL E MBS K
FHT EOK 2 KBET DI A W 04 B () by e, 45 26 7 S
B il 59 DIENDVI(SD, » SD,, ). DI-RERDVI; i 3¢ # .
DI-GNDVI(R,; , R;;), DI-NDVI(SD, , SD;; ), DI- SDg/SDs; .
DI-RERDVI; 28 : DI-NDVI(SD, » SD;; ), DI- SD/SDy; »
DI-RERVI(Ryi » Re))BA H AL . T AIE R DUH B R A2
b K WA RN A 3 B AR B ) 90 MR IR AR AR
FHAE SPSS B A i 43 51 47 DI 52 I AF F0 950000 45 A 56 1k 23 4
X TN (3 AT PR RS G PEREAT R AR . R TUORG BE (R®) |
175 A1 22 (RMSE) #1°7- B AR X % 22 (RE) 3 B it 48 5, R®
Heif 1, RMSE #l RE /)y, 3R BIRE RS B8R & 0 45 28 dn
FS, &3,

4% 6 30 45 SR A5 50 . B A A DI-NDVICSD, » SDy;)
4 151 0 A8 32 (0. 829 3) AP E REN(R? =0. 842 D #P I IL 1,
B iR 22 (RMSE=4. 59) filfH X} iR 22 (RE=12. ) F /), it
M DI-NDVICSD,, , SDy; ) 1 1500 B8 g FIORS BE 88 s 76
SR 52, B DIRERDVI Al DIENDVI(SD,, , SD) A
S R Y TN B O RORS BE L W 43 AR Ch A B AR A U 0 A
.,
2.3 EXRBE DISRIERERE

5 A5 A T KT R W T A TR S 9 5 OXOAS TR A Y v
TS ARAR T HEAT MRS A9 B I R TR AR 0 Ok E B R
B DIE SO G B B 6 S B, BF 5T X3 43 5 3 A 301
T ORGSR AT R . AR R AR O R R B L i
B30 A, % DU SE P ARG SEE AT 05 2040 (&L T, 78
RMSE fg/)h, R* fdBin 1 S AT, BIa 45 R MR 1 1
R EIhEL) , R WAL E R 6. 2R LE . 31
M I A 281 % RS 6 i R X A I L B A O SEWT R TR
B e % X K 9 2 R B W 2 D) ST AT Y



%5 6 1 DGk 5 G o 1969
90
7 @ 5 601 1) A © .
= 50 =0.829 3x+3.090 2 y =50 y=0.824 2x+47834 | 3 573 =0.703x+10.024 R o
a R=0.842 7 a S 2 by R*=0.6308 .
S 40 o 5 60 O
2 g 40 E
§ 30 E 30 s 45
3 3 3
% 20 _‘g 20 _‘_; 30
£ 10 £ 10 =15
[ v 0 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 15 30 45 60 75 90
Measured value of DI Measured value of DI Measured value of DI
90 90 901
@ A © R ® 1=0.947x+3.814 5
é 75 }‘:2_28: IO 95?? 5109 é 75 ,»»:0.2220§;Z,:377 a s é 754 R=08733
§ 60 . § 60 S 601
S 45 T 45 £
3 3 3
£ 30 : % 30 % 30
SREEN = s & 54
0 0 12t s
0 15 30 45 60 75 90 0 15 30 45 60 75 90 0 15 30 45 60 75 90
Measured value of DI Measured value of DI Measured value of DI
100 100 100 73
(€9) ()
1=0.970 8x+2.499 6 .
- v R=0.8675 é 80 é o J=0-19z;305.;;'37.:809 w
S 5] 5]
[ Q
R Z 6 2 60
E g S
3 40 N 2 40
& 204 A & 20 & 20
g~ et s
0+—24— y y v ) 0 v - T - , 04+—=
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Measured value of DI Measured value of DI Measured value of DI
B5 EXREEDIMNIMNESHUNEMEXESN
(a): iﬁamﬂ;q DI-NDVI(SDy » SDy) s (b): flihfE ] DI-RERDVI; (o) : #E38] GNDVI(R, . Ry)s
(d): W DI-NDVI(SDy, » SDy) s (e) s #E2R I DI-SDr/SDg s (D #E37 DI-RERDVI;
(g): ’juj—é&%ﬁ DI-NDVI(SDy; » SDy )5 (h): 528U DI-SDr/SD¢; (1) 528 DI-RERVI(Ryi, » Rre)
Fig. 5 Correlation analysis of DI measured value and estimated value of corn canopy
(a): Tasseling stage DI-INDVI(SDy; ., SDy;); (b): Tasseling stage DIFRERDVTI; (c¢): Filling stage GNDVI(Ry; » R;;) 5 (d): Filling stage DI-ND-
VI(SD; » SDy; )5 (e): Filling stage DI-SDr/SDg ; () Filling stage DIFRERDVI; (g): Full ripeness period DI-NDVI(SDy; » SDy; )5 (h): Full
ripeness period DI-SDg/SD¢ ; (i) : Full ripeness period DIFRERVI(Ryi, s Rge)
#3 EXEEDIEAEEREELR
Table 3 Accuracy test of inversion models for corn canopy DI values
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Fig. 6 Distribution maps of different corn canopy DI values at different growth stages

(a): Tasseling stage; (b) Filling stage; (c¢) Full ripeness period

(a): DI-NDVI(SDy; . SDy; )5 (b): DI-IRERDVI; (¢) : DI-NDVI(SDy; » SDy; )
Fig. 7 Regression results of predicted and measured corn canopy DI values
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Monitoring of Corn Canopy Blight Disease Based on UAV Hyperspectral
Method

LIANG Hui" ?, HE Jing" ?* , LEI Jun-jie" ?
1. College of Earth Science, Chengdu University of Technology, Chengdu 610059, China
2. Key Laboratory of Ministry of Land and Resources, Chengdu 610059, China

Abstract Blight disease is a serious disease for corn. Therefore, there is an urgent need for a method for quickly understanding
the condition of corn blight disease. In this study, UAV remote sensing is used as a new technology platform to explore the spec-
tral response of corn canopy under the stress of blight disease, and UAV hyperspectral imaging technology is used to monitor
and visualize the disease of blight disease. Therefore, this study collected data on corn growth stages (the tasseling period, the
filling period, the maturity period), and used the UAV hyperspectral instrument to acquire the hyperspectral image of the cano-
py 500~900 nm. This research based on the original spectra and first-order differential spectral features of the acquired images,
the position of the 12 sensitive spots of the blight disease was extracted. The positions of the 12 bands were: 514, 532, 553,
680, 714, 728, 756 and 818 nm, near-infrared, red, green and red edge positions. At the same time, based on the plant disease
monitoring parameters proposed by the predecessors combined with the extracted sensitive band positions, 13 sets of monitoring
spectral parameters for corn canopy blight disease were constructed. In this way, the sensitivity of different bands to the disease
index (DD value of blight disease was studied, and a monitoring model for monitoring corn canopy blight disease was constructed
to verify the accuracy and stability of using the UAV remote sensing technology to monitor the DI value of blight disease. The
results show that with the increase of the disease index, the first-order differential spectrum shows a typical “blue shift” phe-
nomenon, and the correlation between the disease canopy DI value and the red (680~714 nm) and near-infrared (770~818 nm)
reflectance and the red edge position (680~756 nm) of the first-order differential spectrum is more significantly, the correlation
with the green band is low. Among the 13 groups of monitoring spectral parameters, 8 groups and the modeled canopy blight

disease measured the DI value reached a very significant correlation level, R* all reached above 0. 8. Therefore, in this study, the
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spectral parameters of R* with a growth period of 0. 8 or higher were selected for the construction of the corn canopy blight dis-
ease monitoring model, and the correlation between the measured values of the test samples and the predicted values of the moni-
toring models was analyzed. The test shows that in the tasseling period, the regression slope (0. 829 3) and the decision coeffi-
cient (R*=0.842 7) of the model DIENDVI(SD,;, SD,;) are closest to 1, and the root mean square error (RMSE=4.59) and
relative error (RE=12. 3) are smaller. indicating that the prediction ability and accuracy of the model DI-NDVI(SD,, . SD;;) are
higher than others. The results show that the corresponding models in each growth period have achieved good monitoring re-
sults, indicating that the research using UAV remote sensing has guiding significance for plant disease monitoring, and has cer-

tain reference value for the development of precision agriculture.
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