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85°16', dtZh 44°53', “P¥iIRZ18 360 me ZIXIH T4
MW, BEER, BREEK. RAERE, BRMKE
RSP EFREE 7.5~82C, FEHIERK
2318~2732h, TN E 180~270 mm, 1A
NERPERD 1, e A H A SR EAL, dEREERIEDAE
Ko FEUMAE. FK DL B EHANEES
VeI N, W% PEIR. 08, FELIETUR M.
1.2 #EIRE

2017 4F 8 H 21 HWF AL X R AN KA, B %
XA T R AR AE Rk, WFFC/ T 2017 4 8 H 23
H B o AWLRAR T 5640 B ) 2otk 3o, 7B Atk
U EEHARIE . AT P &8 CW-20 [ e 36 AL
R4, ZHLEE 2.6 m, YLK 1.6 m, &K ERE
12 kg, WATHE 20 mv/s, SHORZEMIN E] 1.5 ho fEREEER
H Parrot sequoia 2 YGiEAHAL, 1% fE A H & 4000 4006,
L. EAANE 4 A ZOkIEEIER 1 4> RGB JF thiiEid,
Fic % GPS Fl4R B AL IR, FHNLSEWIER 1. 034K,
RAHERA MO XGE /AN T 4 2, 35 SR ER . JATRAT,
FEMUEIX IR FOORGL, FEAT & 80 AN RAFFRIC AL, T
RIS, F oA AR O AR DUR HEAL R R A, &
RATLE 150 m, T2k 9 2%, MiZkedK 17.75km, TEANL
et 1 . B EEE 80%, M ESE 70%,
W7 O E PR, BRASRILT 363 4 GigmiftR
BN .

% 1 Parrot sequoia fH#1 5%
Table 1 Parrot sequoia camera parameters

BB AR Bk B VA=
Band name Wavelength/nm Band width/nm Resolution/pixel
%k Green 550 40 1 280%x960
2] Red 660 40 1280%960
21151 Red_edge 735 10 1.280%960
JEAA NIR 790 40 640x480

500m Sy

B i )% Starting point A #¢5End point 0 250
o [54¢ fiExposure point — fifiZkRoute L 1 i

A1 RANMEE
Fig.1 UAV route map
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Z 6 S A8 BUHE 1) T A B TR 3 B el R 4 R O
%, POS ¥l 45 SARPHER GRS I HESL 4 FB 7 4R
N TR PEE TAERE DU ARIEH G e B i &, X
TIFE BB AT IR, 2RSS ME R, MLES kL)
KR EAEREG . FHGIEER 290 42415 E 6K
B, RN Z SIS EARGHEAT B P, BAPHE TR
Wik Pix4Dmapper #AEsE K. G, A

PR S B B A v I S SR AT R RS 1, 49 B 3R I S
A8 . ALPRERAR S R4y M2 21.86 cm,  BA TIFF %
A A7 Green. Red Red_edge F NIR il IE [ [ 1 245 5,
HHRRAONTFE S, BRI WGS 1984, #5277 0K
UTM zone 45N. AH5TRH 7 3RBUS W Re 2 HEAREM
S B R E R, IEEHEOERIX (region of interest,
ROD) &% KZ) 1.8 km, FEZ) 0.5 km, BOGHRX R EGIE
BILKE 2 Fios.

J& M 8 [X Region of interest

0 125 250 500 m
[ R X

B2 RSARRAEYER K
Fig.2 False color image of ROI
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Fig.3 Workflow of cotton lodging extraction
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FRABAEI S5 R g i T IE ML Z) 0.015, SRMITELLIA
B (730~740 nm) FHEZLAMNEEE (770~810 nm) IR HH
TEH SO R B BAR T IE % M3 1E4) 0.12~0.20,
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Fig.4 Reflectance spectrum curve

T I S HT NI SRR SR 2RI, ASTERI T 10
PRI, A alh: HEME B IEEL (ratio vegetation
index, RVD) "™ Z{if##5 % (difference vegetation
index, DVD) "L 15— {b 445 % (normalized difference
vegetation index. NDVIPL £33 B U — 1K AE # 75 £ (green
normalized difference vegetation index, GNDVD) ',
BRI TS % (perpendicular vegetation index, PVI) 221,
- 39298 5 FE #% $8 20 (soil-adjusted vegetation index,
SAVD P {4k -+ 3518 5 1 4% 46 21 Coptimize soil-adjusted
vegetation index, OSAVI) P &1F 3 il *7 4 5 %
(modified soil-adjusted vegetation index, MSAVI) . =
M FE % (triangular vegetation index, TVI) P17 —
fk % 5 4% ¥ 48 $0 ( normalized difference greenness
index, NDGD ®7),

2.3 YIS

FRAEARIAR 32 B R IAE 5l = S5 M AR, R ] DAAF
BT SO E R AR . A T RRAREER TR, EH ENVI
AN 22 e RS AT = B2 40 M (principal component

0
%kGreen

analysis, PCA) , DRELEL & 8#i(E B ERZ 1 2 M E
oy . T REILAFEFE (gray level co-occurrence
matrix, GLCM) PS4 B E, E8 2 N FERS 9 &
F134{E (mean). 75 % (variance)~ A 14 (homogeneity )
XFEG B Ccontrast) « #H 5% (dissimilarity) « 15 5
(entropy ). P4 (second moment) FlIAH 5% 14 (correlation)
16 TISURRHIE. Z56 % BRI SR0%, IR HiK
BN 5xS5, MMM XA Y AR s N 1, R
R 640 GG T ERAIEFEHITER 16 TSRS
TERBME A TR 2, IR R R REL (coefficient of
variation, CV) FIAHXT 2% 7 R %4 (relative difference, RD),
SERNEK 2,

cv =32 . 100% (0
MN

x100% 2

D~ MN, -MN,
MN

R CV AR RE (%) , SD NFr#EXE; MN AREA
BIfE; RD NN ZERRE (%) 3 MN, Al MN, 5514
FERARAEA IE WAL AR IIE . RES 45 R IR 2.
B 2 AT, S ISR I AR S R BRI 22 57 RECE R
KHIZER. EEPRMRIET, R R/ IAE —EHME
B 6.34%, BRNHINES —ERGI AN 139.83%; fEIEH
Mpter, AR5 REU NN — ERE BRS 5.79%, K
BN — E AN 131.69%:; (RMRANIE #HRAE AN 2
R RBEBUMNIRNE —ERME R 1.97%, KIS —E
RO HE 57.94% 0 FHT7E 5 REUE M RAFAE N UL E 4R
b, AN 2257 REUR AT B ARAE () 2 AR AOaAR,  TRFIE Y
FE SRS RFAIE (] 22 SRR 3R W ARRAE 1Y) 20 25 16 1 e
WHE L BRI, X6 B4 AE AR S R BORAR S 2 57 R B0k
PR, R M. B EmaEEM. B
—ER A BB A R SE R A 3 o P R
3L 5 TACEARFAE T LAV R AR B B Y 1) AR

F2 R ERREMSEEEHISRIT

Table 2  Statistics of texture features of lodging and normal cotton

BEIRHFIE Lodging cotton

IE# #fift. Normal cotton

- —— — AHXS 257 R AL
Tt yf JrkE o ZERRMagm gz wRRm Reltive

Mean MN deviation SD variation CV/% MN SD CVi% difference/%
F—F W E PCAL_mean 18.73 4.01 21.42 29.57 3.46 11.69 57.94
B—E W % PCAl variance 437 4.25 97.22 531 3.41 64.22 21.58
H—ER P FEPE PCAL_homogeneity 0.42 0.11 26.02 0.39 0.11 28.54 7.88
H—E A 5F L PCAL_contrast 5.15 3.07 59.67 6.63 4.25 64.11 28.74
B E R AR PCAL dissimilarity 1.73 0.54 31.26 1.97 0.67 34.29 14.00
B—E W75 ER PCAL entropy 2.80 0.31 11.13 291 0.17 5.79 3.96
H—F A PCAI1_second moment 0.07 0.04 51.01 0.06 0.01 22.38 18.04
—F W HEME PCAL_correlation 0.34 0.23 68.83 0.40 0.28 70.94 17.77
2 E M 5r¥I{E PCA2_mean 12.87 2.99 23.26 19.16 2.62 13.68 48.92
H TS 72 PCA2_variance 2.53 1.17 46.12 2.87 1.47 51.43 13.37
FEFE R R PCA2_homogeneity 0.44 0.07 16.90 0.43 0.08 17.65 2.87
BB E R L PCA2 contrast 439 2.16 4931 4.55 2.02 44.46 3.85
B ERS R PCA2_dissimilarity 1.61 0.37 23.27 1.65 0.39 23.30 2.88
B FE RIS B PCA2_entropy 2.74 0.17 6.34 2.80 0.20 7.28 1.97
BB E R M PCA2 second moment 0.07 0.02 22.14 0.07 0.02 24.55 5.67
B E M AHSEME PCA2_correlation 0.16 0.22 139.83 0.18 0.23 131.69 9.13
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T REARTSC R 1t 2 RS 2 A (10 37 55 % B RS FH 2
2R, AR RS A SRR #2037 It Logistic B
ORI, JEBERMRIERRIC N 1, IEWARIEARIC N 0, ¥
[R] A 1 3 [] FR  E [0, 1198 [ Y o TR0 A6 A AR B3R 1 2% A
MEZN P, 48 PSRN R AP R N & 1) R B 5K
HEAT logit 24 A4 3 — 7T Logistic &1 [ A4 A1,

P
P)=In— (3
f(P) N
Logistic Z& P[] 315 7Y ;
f(P)=a,+a, X, +..+ X, +.. (4)
KR P 1
P:;m (5)
14 @ Xiiakd
KRt apr o .or ap NEAREG X, Xop ..., X, Al
HE AR,

FEARES X LA & 80 AN RAFbRIC AL, Horh A R e R
FEAL 68 4 (30 AMEIMR, 38 MNIEH) » AAM 12 AKFEA
WA R . 78 ENVI BErh 2 51 48Kk A
10 DU BEFEHORN 5 T3 B SRS IEE N FEARSE . SR
5 HrAS XGAE, i FH ) & A 7200 Tl i e AR . AUEE
A DL KOS SO A R /328 Logistic [R]85
FEPRE AR S AR, BT AR AR L AR 56 R AR/
UGHNTTRE,  FFRHE R S EAA LR B I B L =
2.5 HEITM

N T REEE G Logistic BERITEREANEE (FIRE ), 8L
T R 56 AIE 45 1 S B W) 25 TR 5 485 4y 2 g AT L
B, ARCEBUEZE (Pre) « MHEZER (Ace) 1ENFEE T
Wrde kR, 5522 YRR I K T 8 AR T 6 AP LA
Iy FHNE I At

TP

Pre= (6)
TP+FP
+
Ace=— TEFTN D)
TP+FP+TN+FN

A TP R BG4 A IERIE FP R 5 kil 7
NIEBIHG TN R Api s A s FN R IE
%) 7 S B A

Rt — BB AT AT M, AR IR A &L
PEARAY Sl 1 Sr AR AL I TR 0 0 B 2R X 52
%o R AP RCR VPG 58 PEVPAN AR U AR, R 45
A N LA g B 4 il ROC ( receiver operating
characteristic) HiZkPY3Fi1 % AUC (area under the roc
curve) {HPE EAFN AR 45, Horf ROC 2% AT S Hy
P0E O 5 ST 2 MR &, M4 mh R IR 2R
2, HsChrER e R A RIERZ, BRI
FONER B BN B ROC #HZREEE T IS, iz
PR RR AY PLA CR . 1T AUC {2 ROC

28 T 55 AL bR b R A TR, 2 B AR A e 1 —
ANbRvE, Hildgir 1, ARSI RE T .
3 HREH
3.1 Z4HZ Llogistic fZE

TEVNGFEARSE LT PGSR SrBR T Ay
SO IR [E] 9 2R HL o, N2 Wald GBI 3. Bk —
4325 Logistic [FFHETY K

1

Spectral — 1 4 o C4898GNDVI-LISTVI) (8)
1
Texture —(0.486PCA1_mean—12.146) ( 9 )
I+e ™ - '
1
P, (10)

Spectral-texture —(0.252PCA1_mean—20.135DVI)

I+e

3% 3 NEZE 5EIASHRR, ANk
AREEPIER) TR EN K (Sig<0.05) , HAMA AL
AR RAAEIRZE (S.E) fl Wald 185 (wals) B LA REE
M AR R ZE BN IR SOEAR, BRI A,
TGS TP 2 ], Wald 4256 % K 2 S0
RS, f/ N JGIE A, WD SRR N T #H 2
) o Fh T bR v R 22 e TR A S8 4B 0 R A B4 1 AR e A
FE, AT S BRI AN G L BB /N o AR A
Bk . Wald 56 I8 JC 2 A Al TR S 2 RS T R )
MIRE RS, (HB KRN IZFFERI MR 2. Ftk, ik
TRZE MR/ . Wald S 56 FRE BR KT X IS FA R FIE A A
RE S RS BR 17 L. A DA_E TR Logistic — 7 R BEAL
NI B AT VAN, 45 588 SO AR B Al S S 11
BRI, H O SO R, TG AR R B 7%

%3 ABTRREESY

Table 3 Selected features and regression parameters

NIEFFE Selected features

E e N EERE ERE e
Regression model R Regression  Standard aic T
Features . Wald test
coefficient error
S AR GNDVI 34.898 8.607 12.743
Spectral model TVI -1.163 0.286 12.575
LUIRAETY PCAI1_mean 0.486 0.129 14.192
Texture model Constant -12.146 3.242 14.038
Jeil-LOR R PCA1_mean 0.252 0.068 13.801
Spectral texture DVI 20.135 5.402 13.896

#¥: GNDVI RSB — i fa s, TVI £ =Mihia%, PCA1_mean
Fe TR BIESOE: DVI e 2 HEBIREL.

Note: GNDVI is green normalized difference vegetation index, TVI is triangular
vegetation index, PCA1_mean is mean texture of the first principal component,
and DVI is difference vegetation index.
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R4 ZHZE Logistic MEHEIEE
Table 4 Classification accuracy of binary Logistic model
ERiE e
Training set Test set
KA MEERE ORERIE MEEE
Pre/%  Acc/%  Pre/%  Acc/%

HeiEAE Spectral model 89.00 88.89  87.31  86.96
SUFRRAY Texture model 93.00 9333  91.30  91.30
Fi S FAET Spectral-texture model  91.60  91.11  87.12  89.70

I YA

Regression model

3.3 SHEMBEWIE

N T BAE 5328 Logistic R GBI AE 1732
B AE ENVI A AR SRR A B LEAS T0 40 50 1 L
., HHERR X EAR KB, WE S .

0 125 250 500 m =
[ || Normal [ B i

#{RLodging

a. A
a. Spectral model

," SPE e

o, JEBE
¢. Spectral-texture model

B 5 falikA%48 Logistic =4 £ B
Fig.5 Classification of lodging cotton Logistic binary
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HIMr B, M RSTECKR B fmsse, cxaesE. 4t
JTRI R B R AR R A LEBIAR, BT e 2 S5 A 1 3
FRAERE R R AE R M EE R, FHAERREGER
RAERRE R AT EEA — & NSERHE . 456 FRE
Ry R TR AE AR IR I BAREE A, A O R VAL 45 SRR
B S BRASEAY () (5AR — o S R e e, 3 v 1R R AR )RR A
BE; R R Rk o R R R, “ARER” RHE
B2 H 5 SRR 22 REOK s TG SUH s AL ) —
RERAN T UL EFE Z 8] W ROR APl SR AR
FE T ) 58 A A

55 B A A SR A AN I X B AR 5 1E 5 R A 1) %
PERIX, SRR N S5 R BEAT ROC fZkor, 2l
ROC HiZE LK 6.

1.0

FLIEZ$ % True postive rate
f=J
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o
T

i~ - - %R Spectral model
— LU A Texture model
—— S Spectral-texture model

02 04 06 08 10
fi IE. 2 % False postive rate
B 6 ARFEARAER ROC &
Fig.6 ROC (receiver operating characteristic) curves of cotton
lodging model

HE 6 a1, BEES A b AR SUEIE I ROC Hi & o
WAL, 5 AUC {68 0.80; FEES A A MBI ) ROC
B2 NG TERE Y, 5 AUC fHN 0.76; itk SRl £
T2, 5 AUCE N 0.78, 45H %KM, Sk
WIEIR o R S e, IS SRR 2, ek A 4y
NG o
4 it it

AHEFAE IR & R BB AHLFE B 22 i 1%
AR BRI R SR A BRI 2 athm . S A
Koo BEADEE > PR m R R, ARG IEE TR
AR . 26 R A B) T AU B 2R e 3R 45
HWHEER, BAREAZENE, ST R
TCHE X s PEE Sequoia 2 B REAHML AL A B &
R/ R B AL RS 5, e I E & 1] 9 AR ML AT E
i, ZERSTRLIE A AR E RO E R, AR T
TEPE BHE . SRR G n] SO XIS R A A5
BB, Rk TESITERNGE JERIG. AL
T A2 DR 2 1 N R SR A R 2 4L, SEBL T R R A
G PRI

ARSI 73 AT A6 4 1 I A B AR A€ 78 T AL K
2R ERVRHAE, AR5 5T 2 R BRI &AL 1
Z932K Logistic B8, fi 5 PFAl 1 IZT7 iR U ALK 1
FEEE, MIBAESE 1 o AHLZ O i AR AR AE (B IR A5 2 3R
O3 T B R F7 e IR, ASSCRAG i AR AR (AR S L
JHFAE A ERA LR R D ARENER ZIBLE DY
BAMEEUN . ThRem b B2, EXRL. I8
KRG Wi B RSB T, THEMR LR A K. T
FERACI B AR AL B W 4t e, MRAEr i 2. Bk
Ho#2, IEWSERMEMEL, & AR s
LAY TR 2 O Vi AN SR 22 S AT L g, PR i T iR A
SEIUANTR] b e A0 R R AR PR A 181 IR A5 U2 5 T A
Phs 2) BT ERGTHFIRHET % 22 321 — 7T Logistic £5
UGS T MRAE BRI T RE T, i ) B R 4 R AR AR Ty
FEAA HERN BB RN . SEGEE > RITIEME
B, AL T NLAERMEARERE, B TIRERTIA.
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BB HEENREZGIERI A0, TR R RORE 5 7 2 ]
FRZEREOR . AT B T SR R MR AR AR B
HISE U AP 2, R TERFE B 7 A AR <5 4%
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MARKKBEHRKEN . FIAES G TES, &
TR BT L g B8 73 R T7 AR 3 — IR AT AT,
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5 & it

D Mpfe R ABIR G e 25 R s, 756 SR
TE T RI —E E R . A6, bR BR
SRR 2 RO, T AE 203 AN 20 A B I S % 2 R
=, BRZ 0.12~0.2; TEQCEJTTH, R 53 BT AR
AR RS — E R A 5 FE B
B E AR 5 R A R P
PESUERFAE RE WS AR U () RAEMBAEBIR G S % 5, &
EAE NI B N AR

2) FEF 432K Logistic BB OGS 03
TR R it 4 A R 1) T SRR AR AR 1015 B A,
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Information extraction of cotton lodging based on multi-spectral image
from UAYV remote sensing

Dai Jianguo'?, Zhang Guoshun', Guo Peng®, Zeng Tiaojun', Cui Meina'?, Xue Jinli*?
(1. College of Information Science & Technology, Shihezi University, Shihezi 832003, China;
2. College of Science, Shihezi University, Shihezi 832003, China;
3. Geospatial Information Engineering Research Center, Xinjiang Production and Construction Corps, Shihezi 832003, China)

Abstract: Extracting crop lodging information, such as spatial location and area, is very critical to agricultural disaster
assessment and agricultural insurance claim. It is hard work to measure the lodging information using traditional methods such
as a ground survey. A survey method using remote sensing techniques can quickly and efficiently obtain crop lodging
information, but it is limited by the lack of timely and available satellite remote sensing data. In recent years, the application of
unmanned aerial vehicles (UAV) develop rapidly in the agricultural field, which makes UAV equipped with image sensors
become a portable, stable and efficient crop survey tool with the characteristics of low cost, high timeliness, and small weather
impact. A few scholars have measured the lodging area of wheat and corn crops using visible or multispectral images.
However, studies using UAV multispectral images to survey cotton lodging information have not been published. Therefore,
a survey method of cotton lodging using multi-spectral image was derived from UAV remote sensing experiment which was
carried out in the 135th Regiment of the 8th Division of Xinjiang Production and Construction Corps on August 23 of 2017. In
this study, the spectral characteristics of lodging and normal cotton were first analyzed and summarized, and a series of
vegetation indices were calculated. 16 texture features of the first two components were calculated according to gray level
co-occurrence matrix (GLCM) after principal component analysis (PCA), and the optimal texture features were selected in
terms of the coefficient of variation (CV) and the relative difference (RD). The result showed that it was apparently different
between lodging and normal cotton in spectral curves and texture features. Compared with normal cotton, the difference in
reflectance of the lodging cotton in the visible wavebands was small, while was significant in the red and near-infrared bands,
in which the reflectance dropped about 0.12-0.20. The main reason for this phenomenon might be the collapse of the cotton
canopy structure. Mean of the first principal component(PCA1_mean), PCA1 entropy, PCA1 homogeneity, PCA2 mean, and
PCA2 homogeneity texture features had the lower CV and higher RD, which were very suitable for classification of normal
and lodging cotton. Then, 10 vegetation indices and 5 texture features of the measured samples were calculated as
characteristics index, and the training set and test set were divided. Forward stepwise was used to select the best features on the
data set. Binary Logistic models on lodging and normal cotton classification were constructed with different features
combination, including spectral model, texture model, and spectral-texture model. The prediction accuracies of the
classification models were evaluated by ground survey samples. All classification models had a good classification effect on
lodging and normal cotton. Among them, the texture model constructed with the PCA1 mean had the highest precision, and
the classification accuracy on the test set was 91.30%. The classification accuracies of spectral-texture model and spectral
model were following, but the classification accuracy was also more than 85%. Finally, the classification models were applied
to the multi-spectral image at the pixel level, and 3 thematic classification maps were created. Compared with the visual
interpretation results, the texture model has the best classification effect. The “salt-and-pepper plaque” of the thematic map
was the least, and the lodging crop had the characteristic of aggregation occurring in space. The ROC(receiver operating
characteristic) curve was closest to the upper left corner and the calculated AUC(area under the ROC curve) value was 0.80.
According to the results of the study, we may safely draw the conclusion that the method to extract lodging cotton information
using the multi-spectral image of UAV remote sensing based on optimum texture features is accurate. The lodging
classification has a high accuracy of mapping, which is basically consistent with the actual lodging in the field.

Keywords: unmanned aerial vehicle; remote sensing; multi-spectral; cotton lodging; spectral and texture analysis; Logistic
model; disaster loss assessing



