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INE DTS XFRENESE N B EIE R

1 22 12 s 123% s 1 = 1,2
EARAE L RXEEY, B LYY, RERY, KEH
(1. RO 2B R A S KETE TREsL =, &8 230601;
2. FEFR R R S e R AT, e HhERE S siie s, Jbat 100094)

W E: AFHEBEB GRS R T o se ik, RN E AR R A . RIEEN, SMARETHRESR
FERMTAR /N TE (HFA/AB) BUEXHRIEE (land surface temperature, LST) #EATSUIE . $REX 4 AN BUSU R B0E
I 7 MEIEE. A K-mean fI Relief HIEX/NEE AR IE BAFAE AT IfiE . @ SCRem = AL (support vector
machine, SVM) 5/NEHHE (Gabor) 454 SYM (GaborSVYM) {175 173 5l 28 STIRT AL 48 5 00 17 /N 22 18 998 28 W st
FEXF 2 PR AL B URE FEHEAT XS b o 45 IR E: 3 — LA 4E 4 (normalized difference vegetation index, NDVI). FG{EFH
Wi¥e% (smpleratioindex, SR) FIHLERIRE 3 FEEE S ] Bl R AE /N OB I R AE TS L, GaborSVM [#) S A kS 15
155 86.7%, LT SVM 1] 80%. [Ft, /N5 RE BN G T VERT T2 T TR I8 BRAR 1 K T AR 5 e,
o8 s T M R L S N AN
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T S A A Yk B3 Bl A A e R PR S, R R
T I B (0 R R AR IR ) R S AT AT . Luo Z50URI A
LST (land surface temperature) 25 %54 #4 2 — 4E4FAE 2% [1A)
St /NZEdeF AT T I, &R B LST i R S A A R
SEPEAER], Rl HUR AR R — AN SRR o 9K 6 Ak
SISO AT /NS OB 5 B (1 R I B % A A 4R
o LA B 5B 3R B B ik BOME AR HO T F R B2 A T
PER, (RTS8 BB TR R &5 BN E S, MG
AR RIS ZE A . DR 2240 5 Y BOAE e i 50 AT
WML, NRIEZGHER, 50 J5RE.
INBTRZ P AT &L, RN EZRE. 2751
M REAET, SERURHEAE A T . B 7 ORI
A7 72 28 R v DI T B SR AN A AT R TV R N R
I BRI By, RS 3] T RSN, motiEEdE A
TREHTEE, UEH/INE SRR E B AR A
P, AR 7 0 S R G T R A DRV RS ) B A AR
—E AR PR TR AN EIIE RS, AT R o
RIS INE o T RS (5 S, ik B 1 3 mib o ks
FERIH . Chen ZMU7E S E A5 50 i b 56 53R /N ik
R A TE L R, FEATARE, PR T EERIEEE
HBE, FHAFBIBEF RIS H o B 55 M A NG R
FERH T PCA (principal component analysis) &%t/
BRFESEAT PR AL B, $ i 1 BRI I AR SRS JE
iR IBIE R R ARG F, FIF LBP (local binary
patterns) HIEZE A /N AR J7iE, RIREERRAR T RHE
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Mg, JEigm 7 RRESREUERGTE, 527 100%i1)i7
A IR 3 AR TR AN AT EEE UG R AT
RIS AN, E E AT A N AT N 5 D B
TR BB A5 BT T T, DRI 2R /N g AR e
(Gabor) N Fe s BoAEBAREL, FEX 18I0 /N R R
HEATTRIE, 98 A UK IR T, AP mm IR
SRR RN ULEALAS 27 S AT & R R 7326
J IRl 4T, MEEES R, FRTE, MET AN T
2 LR S5 A S B RE R A 4 SR B AR AR Al s B9
Wang ZE0OUFI F S R ) B AL RS /N 22 2 AR R EAT 40 6
ARG, 3R T 9T%IIRAKEE . wESTRIH SVM
(support vector machine) 584X K Fiks 85 A8 F8 B AT
IR, WL E] 91%. TKFIEEIIFIH SVM X/ iR
RS BT T, HAFE T BT R. Dk
SVM A5 RLTE /Nt Rl 5 250 43 28 1R ) A B A B s ) P
B, AR RS /N B e 45 & SVM TE R IXIREE (1
AN R AT R, AR FORE 3 A A AT IR
BGAXAT, SIS ) /N ORI R AR A3 A R
BT UL BT, ARSCUARAEE M TN R R, 5

A. B (H}1A/1B &) #¥s, RIS RARDL, 1EFF
JRERT . 1A e M T R A SR B, B 2014 4F
5 A 29 H ) CCD 2 H a1 IRS 2L st , HyEgni
BAHME BWE 1R, NE R SEHh A A 45 T 2014
TS5 H 27, 28 H CUNEHEERWD THIMMERS, fEik
PR AT A, W 30N T N IR R R R A S 2%
L, WA IR — b BRI o, AR E
Fe A EANAE I N B A A, A Kb Fofv g (X 3k 1 o 38 ek
HAEFMAAENZH R, 3L TRERGAHEMER, [
B UG AL 1) /INZE VR s R AE B LI 5), R T ANFISELR
WI/NE VR, AR A X A AR . B A1
LT 40 N REEE, A JTVES LR,
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BRI FH A 55 2 i B A s 428 3 /DN i A e 2 R A i 32 i g z
pe - s S5
Hit SYM S B (GaborSVM), H £ s g 23
VR T W S NSRS : N = e
AEB IR AR /N 22 FR o8 R AR K 72 8] 3 A R AIE, B & o
A 2 Ml % g
M B R SRR, IRERAER NS, NABT gg !
MR R g ¥ 030 9012km
=3 [~ 15 60
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a. BRI E b /NEE K B R
/J\% El *ﬁ\ﬁ L':ﬁ{)”ﬂ E]"]E"ﬁgﬁg 1’]5 /)ﬁjﬂui llEI lgl 1 Fﬁ% . a. Position of study area b. Wheat area and sampling point location
B2 BRREaL
20144E5 1 29 H HI-1A/1 BB B4 5 Fig.2 General situation of study area
JUPTRZIE . $BETRERR
ey KABE, RUSEAE &1 HIIA/IB DEFEHREFESHER
| | BRI | | ! Table1l Specifications of multispectral remote sensors
(el —— | onboard HJ-1A and 1B satellites
HJ1A/1B CCD16& CCD2 HJ1B IRS
3 i G N JeikE IR
. éiai% Spectral Spatial B&ai% Spectral Spatial
range/um  resolution/m range/um resolution/m
: 1 043-052 30 5 0.75~1.10 150
ﬁg@‘@w\ﬁﬁﬁ 2 052-060 30 6 155175 150
-~y v T - Y R 3 063069 30 7 350-390 150
RE-ERAE| | WE-ERNR| | RE-ERSSE| < ' — —
:l_ ________ |_|_ ________ |_|__ CRUEE _I R 4 076~0.90 30 8  1050~12.50 300
B 1 EadmEnieE 1.3 Hymabie

Fig.1 Flow chart of wheat powdery mildew monitoring

1.1 HREXHR

A ST X AL T A6 A K TR (114°58'E~
115°12'E, 37°48N~38°10N) (WE 2), ZXJE T
TR R0 2 R SR DX, 5 M T b Ak e Y A28 o ]
MRS ARSI AL, AP H A SR PR, Tk
Hib 3 -FIH, SR —, AR FES WSS —, E5F
FH 78 B TR RGOSR e T /N 32 s e
1.2 HIEIFKREL

HF 70 R FH B = 2 5 8 B /N 22 R St
VA . 18 B I R s DU TR s TR R

SREL3AEL B CCD 18 IRS g F B4 s 2
bRy REARIEMGED, J454 Landsat8 S2153E7T )L
IR IES AL . SRR e AR W T

L=DN/B+Lo &)
o L NSRS LS, pONA E bR R BN R, Lo AW &,
DN i & G5 o e .

RS E b RECRIE TR EEE PENH L, Z2)h
ST RPN TR ()95 K 1 . pR B R, 9RO ENVIS.L
At FLAASH BEHGSERGE R IR AR, BEXNRIE
Je B AT BT SR 72 X A5

TR TE G, ARAE O T X R 2R B4R H NDVI
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Hev MR (digital eevation model, DEM). T4T4M %
SERHURE, IS ENVISL B R BIR 2K
PR/ R DX 1

) PR 58 2 S AR B do OO /N 22 OB o S Rk i) 7
ANTER BB (R 2) Anan. L. BEANELA 44
P BUR ST B, LUK A S IE S SO A3 B LST
KPR g 1R I AR P T3 R

®2 FOREREWRIER
Table2 Wide-band vegetation index

TR REL . N E=PE N
Vegetation index 5250 Formula References
W om R B Fe 2K 25(Py — Pr)/ (P +602 — 7505 +1) [22]
Enhanced vegetation
index (EVI)
SO ) T SR L AR 4 2 (Pure / Pr -1)/( o /P +1) [23]
Modified simple

ratio index (MSR)

IH— bR 2L (Pnm = pR)/(pNRI +Pr) [24]
Normalized difference

vegetation index (NDV1)

P Ak 38R AT o 48 4 (Pxr = PR)/(Pr + PR +0.16) [29]

Optimized soil adjusted
vegetation index (OSAVI)
HIH— IR
Re-normalized difference
vegetation index (RDVI)

(Pnr _pR)/(\/pNRI /pR) [26]

I TR AR TR R 15(pw = Pr)/ Py + Pr+0.5) [27]
Soil adjusted vegetation

index (SAVI)

LU AR AR i 2 Prr [ PR [28]

Simple Ratio Index (SR)

e o NIELANEBII AT 2 pr WAL U 3: ps NEEURBUI S 2.
Note: pnr means near-infrared reflectance; pr means red band reflectance; pg
means blue band reflectance.

1.4 BRIEFHEREF

TE RS ) AR N 3 956 A R I WG T AR R FRIR VO R
LA B W] AT R R O HE A B o AR SCAE IR I 2k
P FEAHE 2 N A . SR BRI 12 M
PARBUFERAR AT R LR, A5 RIS, TF
MR E. Kk, AT DB RENESHE
AN, R IR R RRAE A B HEAT N e, 155
— 2 S WS BRI RS R AR A AN R AR SR (R X

HHAT RIS B — 2 SR R /N PR AE AR D I I ASE 2R 11
WA E, BARMSZIS RN,
14,1 SEORBARME IS H0% ik

Relief 5ik & — MR ER E I, 0T HARRIE S
ST PR AH T T R AEAS R IR B R, (L2 Relief SVEANRE
AR SBIE] 0 T4 LSRR IR (AR B A, R ain
AT DATR AN FRFAE X FEAS I SR AE T, Al AR SR #ir
(VIR R B B b 1 SR R P AR IE 4R 4, TR L 90 R
Relief 523025 4 K-mean S05:BY 321 07 vk o iR $
FREREATOIE, 13 MR &, Hh Kb
i MATLAB H111) K-means BRZUSE L. HAREAEILRE N
R4 Relief B RHEER I E RS PR, BT S
FHERIRA A AT R 0, BikfinZoh: OiE#: NDVI
HHTHIT: @ik NDVI. SR TR @ik
NDVI. SR. SAVI #47 R, IRMFFEAE HE PRI
FHE. B HUATH 1) RN P B KRR SE & F T @B A0 #T
= 3HIHH T BNEHIE M Relief HHERE | K-mean BN
TESRING B JAFE A& TR, B3 = ATHdR T anfE 4
HF SAVI BREEETFMANFE, £ LST WA EJb. ik
NDVI. SR Al LST TR0 Hr, N 0.7451, it
& NDVI 1 LST 5 SR Al LST 2 HEAT I8 50HT, K5
9 0.6078. H%i%$E NDVI. SR A1 LST i FHA f#e .
1.4.2 Gabor ]~k B 3 BN R A AL I i

FRUE 55 P B B00T DAFRIE /NS R 1R A 9%
RRAE, (T 56 % BORE B P 2R 5 RS S, 12 FH I B
WHRK, FAIRZE, B 0B g5 83k 7k
D IIPEBE R . AN AR AT LS HE e . %
M SR o Tk 8 RIOE X /INZE ORI I SRR AR AR AT
HH R I /IN U R 5 0 1 7 B A R AR DG, RIS
PERFAEAE DXIFRBE (AR 1R BT LR R . /A
W BA 2y P tt, R ZEE N, A EEH T
DA B 1 SR R S A TR AE , 58 B B 1 RS
WO E B R AR B B A T IS BRI . RS
ZIf¥) NDVI. SRl LST AT /MBS, A4 21
/N R B HR O 3G 6 TG /N2 R 993 DX 3 B K 1 7N O
FEAE, W LR TN OB R 2 80 1 DLER =il G

F 3 BMFHEN Relief FHEE. K-mean BIEHEE ., FHEHESKEE
Table3 Feature weights by Relief, clustering precision by K-mean and precision by combined features

FRAIE 7 % 53 Feature filtering algorithms NDVI SR SAVI

PNRI EVI RDVI LST oS OSAVI  MSR o3

Relief $/iE# # Feature weights by Relief

0.0812 0.0722 0.0659 0.0650 0.0619 0.0475 0.0415 0.0360 0.0038 0.0035 -0.0062 —1.2800

K-mean J4HE B Clugtering precison by K-mean  0.7059 0.7059 0.7059 0.6078 0.5098 0.6667 0.7059 0.6078 0.2941 0.2941 0.2941  0.2353

HREZH A K5 ¥ Precision by combined features

0.7059 0.7059 0.6078 04902 0.2941 0.2353 0.2353 0.7451 0.2353 0.2353 0.2353  0.2157

TE: pe NERBEBL BT 3

Note: ps means green band reflectance.

Gabor /JNJBE E R R 0F s () RIS 34T Joy Bl 20 M » I A
ERPRE ST EINA %, % Gabor 1 FHALM &
TF, A FH A (R R A28 [R] I 7 S — N [ eR 4 ik,
ifii Gabor /NS #iet Ji S i Gabor )T 2% B9, &m0
TR FH et A% B AR D BN S /N A R BORs R A AR
HURHIE S /N BAZ RBOHAT BRIS S, BRUG RIRMEE A
FERRFIEAE S, AEAR O FH T R e 20T pR A
BE/INJ R BRI B o

B 1 1 XZ y2
h(x,y) = g(X, y) exp(2mj Wx) 2
1 (u-w)? V2
H(u,v) = exp| —= v
(u,v) exp{ 2[ o2 +GVZD

XA g(x, y) NEHREIREL o, Moy WEAE (X y) 2 4
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AR EIORRES,  h(x,y) F/NEER R, W 95 IEA%
e R IR, H (U) 9/ R R 18 e
X, U G AR, v AR RS R
{8, oy Mo, JFHAE (UN) 2 AR L (bR

SO6Y) = y(hg # 1)2 + (hy 1)? (3)
A (1) FoRVENR S h SEHE | BB, hg RoRIEH 2
hsEEB, h RoRIEHEE h BIER, S(xy) A& T
Gabor JEH#15 B MHFHE . LA h(x,y) NEEANGE, S H3E 47
JBEANBERE A e, T LAAS S — 41 [ AR L 8 5 2%
A (X Y) =2 "h(X, y") 4
A X =aM(xcosf+ysing), Yy =a "(-xcosé+ysing),
a>1, 6=nm/K, o« " AHREHT, t ARENEKH
m=0,1,...t-1, K AJ M KI%H n=0,1,--- K-1.

KRk IH =5, K=8, a=+2.

R, B Feime e 5 AR 8 A7t 40 AN/
PRAL, fEAR/ N RS R B OO JER I 40 5. A
TR BB AL N BFAE, R 2 BT 4R S0 £ 0
B E AR BRI, N AEHEAT T HE— 2B ik
W FCRAMSIAEAR T k56077 O /NBARAE BE AT i ik Ak
@[10,33,36] X

SIMSTAEAR T e A I H B B E
Jt (P<0.001) H T Gvt BRI E S 5 /N 1) /N B RRAE AL 3
MR, AT 3 FLE L) /N A% R AL

m. N SO IR ROBE Rl R % £ BE N 4 s o

x4 RENEREHSH
Table4 Parameters of optimal wavelet function

SRS R Ji I REER T e £ P
Vegetationindex ~ Scale Direction  Scalefactor Rotation angle
LST 4 2 14 /4
NDVI 1 0 Y2 0
SR 4 1 14 /8

1.5 1EEIE

SCRPIA BN LR T GE i 22 2 B ) — R L 8852 21 7
%, R AR S5 R RS B /M, I8 I A R B
PANE 1 RN e U Tl L P b < T TP
BAFRFEAZ A G R, KARRRD, ERA
SERITRI L AR AR RIS R RERCUT I TR

EYERFE . ARGt ARSI S AN E YA IR, T2 M
P 22 A% 23 25 rh B, %Y 134 31 R B8R
f(x):sgn[zn: aiyik(xi,x)+b] (5)
xS,

gy Lagrange T, S, ACHFFME, x. YN 2
KPRCREIAE, b NBIE, FHk(x, x) A2 Mercer
5 (1) 1F 5 % R 4740

AWFFEET SVM BEIL A7 3 AR, S — AN
FI AR 12 AR B S & SVM g o ke,

S MBI 12 MEBR BT IR B L, ISR 34
TR RS & SYM SER SRR, 5 =/ MEAAESE — A
PRI LR B X 3 ME AR EGEAT Gabor /N,
XA BN BORF AR BEAT i, AT B 00 /N PR AE 2
SVM E 7R (GaborSVM), i Gabor /N A4S 1 ik
JEAFAE S BT T 0 D0 8 R S ) AL IR AR 70 28 Y
DLHS LA e M DA R (s AT

AAREILIRAT 40 DR FR T & S s, RE
PRI 0 (B FE ) 1 CREED . 2 (R, 3 (FERE),
4 CRrED LS AMES . mIT NS SREBHEX D, i
KA L 5 REEADER e, B FE (h
FE. EREARRED 22K, Hrp 25 MONIIZREA R A,
15 NI AS T TR R IE

2 HR5HH

2.1 FRXNZEHHEED

FIH 2014 4F 5 H 29 HRs 4 5dE, CLRMEICH
Bfr, R Relief 555 K-mean BEARSE & 17 ik
H 3 AMFHEFE S NDVIL LST #1 SR, 437l F| ] SVM #E 7Y
N GaborSVM 153 2014 4E 5 H 29 H ¥/ ¥R
RAEDSAEAE 3 Frw, B 3a 43 12 a5
ZH SVM BRITISE B, 3b NA IR % S SR
NDVI.LST.SR 1] SVM Haillz5 5, i 3c 437Xt NDVI .
LST. SR/NEZH)E, FIFHSHMSIFEA T AIARIT
BN BASAEREAT SYM HIIE IS S K 3 aT LA H
3 ol s IABEZRY (1) M e A AR 00 PR S 2 ) A AEAL, R
TS R 7 15 LA T S P o T R TR e A TR AR )
3K 3a 49%. &l 3b N 45%F1 & 3c i 38%. K 3a
H5H A4 2 WEAME, Eom ik AE BN EE. B 3b
5K 3c KRR, SIUREHA XA, AR R LLAH /)N
HAAFTEX A 72 3o Hp A T8 RE X 3PN 1) /N 25 X
W, 1EB 3c o g RE X S TN R R
KA E SR, BAEEMR, S fk s,
Rl 75 /N 22 HE SR B 0ok s T 0K AR FORE S LMK . Rtk
A] LAA 215 H SVM 45 G4 IE TR IE Y 5 GaborSVM 45 &
FRRAEJR AR (R AT A5 B v T SVM R SRR I IR 3 5 B
GaborSVM 4 &R IR A RUAR T SVM 45 A RFAIE i i
A T — 2 ME.

MEE R 3 MBI R A A AR, N T HE—
MBI AR, TUNRHEHEE. B 4 hEE
O E A S X I s SR . 145 2 5 X SRR i
LR X . & dafEF ] SYM EZHRAE 15X
WP R MR SE RO G, 78 2 5 DX 0 30 i
2 R G DX SOR T RE X 3 ] 4b TERHIE I 38 ) )
F SVM @R 15 X 73 20 i s i 45 RO fERE, 7E 2
5 X3k A R 1 M I 25 SR o Sesns s I 4c FIAH GaborSVM
B 15 X385 2 5 X3 b 75 380 1) s 0 45 350 A e e o
GaborSVM #5211y i il 45 55 S b 5 45 S s AR A, 755
HEIT da b NE BB AL, R b, iR
MR AR, X5 Rk g R — . R
GaborSVM F5 R Al 3E F T /N2 Ry B U
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Fig.3 Monitoring spatial map of wheat powdery mildew
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Fig.4 Monitoring spatial local map of wheat powdery mildew

2.2 EEWITH S5
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Remote sensing monitoring of winter wheat powdery mildew
based on wavelet analysis and support vector machine

Huang Linsheng®, Liu Wenjing"?, Huang Wenjiang™?*, Zhao Jinling*, Song Furan®?
(1. Anhui Engineering Laboratory of Agro-Ecological Big Data, Anhui University, Hefei 230601, China;
2. Key Laboratory of Digital Earth Science, Institute of Remote Sensing and Digital Earth,
Chinese Academy of Sciences, Beijing 100094, China)

Abstract: Wheat powdery mildew is one of the main serious diseases for winter wheat. A fast and accurate monitoring of the
disease at aregional scale plays a vita role in reducing yield loss. Remote sensing data has great advantages over traditional
data in disease monitoring, including simpler operation, more real-time and higher resolution. In this study, Chinese H}1A/1B
data with high revisit frequency and 30 m spatia resolution was used to inverse Land Surface Temperature (LST), extract
four-band reflectance data, and build seven vegetation indices. These indices should be filtrated to improve accuracy of the
model due to redundancy of them. Then, we implemented screening features with the combination of Relief and K-mean
algorithm. Relief algorithm which can provide the basis for feature evaluation, so features were ranked in descending order
judged by feature weights in preparation for the next process. Clustering accuracy obtained by K-mean algorithm. According to
the weight of the feature, the features clustered in turn to perform K-mean analysis. Then the cluster with the highest precision
was picked out, and we finaly got the normalized difference vegetation index (NDVI), Simple vegetation index (SR) and
surface temperature (LST) as the feature set. Wavelet feature can decompose the data in multi-scale and multi-direction, which
can highlight the sensitive factor of vegetation index to a certain extent. Forty wavelet functions were constructed from five
scales and eight directions, and made them convolve with features. Because there were too many wavelet features after
convolved, the independent T-test samples were used to obtain the most sensitive wavelet feature of disease and the
corresponding wavelet kernel function. After this process, three features corresponding to vegetation indices were available.
These three wavelet features were used as input variables of the model. Support vector machine is a kind of machine learning
method based on statistical learning theory. Its core idea is to minimize the structural risk by mapping the input linear
indivisible data to the high dimensional space, which makes the difference between different samples. The class interval is the
largest while the intra-class interval is the smallest, then the hyper plane is constructed to classify data. The monitoring model
of wheat powdery mildew in Jinzhou City of Hebel Province was established by using support vector machine (SVM) with
three groups of features. The first group used twelve vegetation indices as the input variables of the model, which served as a
control group. The second one used three features after feature selection and the third used three features of the wavelet
transform. Then the monitoring precision of the three models was compared and analyzed. The experimental results showed
that the overall accuracy and the kappa coefficient of the third model (called GaborSVM) were 86.7% and 0.583, respectively,
performing better over the first model (60%, 0.286) and the second model (80%, 0.444). These results also showed that the
combined method of wavelet analysis with SVM (GaborSVM) can be applied to large area disease monitoring based on
satellite remote sensing image, and has important application value in improving the accuracy of disease monitoring.

K eywor ds: remote sensing; support vector machine; diseases, powdery mildew; wavelet feature



