5530 455 5 AN/ RS N 3= 2 ¢ Vol. 30, No.5
2011 410 H J. Infrared Millim. Waves October,2011

XE4ES 1001 -9014(2011)05 - 0451 -06

ET M EGAEREANRERESEERGN

BOR, EHRVT, EAM, R OR,

kig', 4%8', BHE', TFE'
(1. FrgE e A e A A T S RIS, AW F K%, 58 AT 832003;
2. EAV B BEAE YR R T B R AAEY R R R R SR A o B KR TR, Jb st 100081
3. HrmAe BB EBERRAEE S T, BiEE A+ 832000)

WE AR SHARE X M BHIMAER S RAERLEZR, 4 MBELERBSRESEZHTMEX 2
M oI RESEEGENER. FREW . MAERESEE NS, TM % (% £ 3 45 4L B2, B4, SATVI, OSAVI,
MSAVI, TSAVI, SVNSWI, SNSWla, SNSWIb, SVNI, DNSIa, DNSIb, NDSWIa, NDSWIb, RNSWIa, RNSWIb, DVNI, EVI,
TVI,SAVI,DVI,NDVI,RVI %1 PVI iZ #{ 5 /N ,B1,B3, B7 #u RI & % ¥ 4n ,NDGI 2 H 48 5 ay# %, BS 234
EEHnHEE REFEES TM ¥ (% X% 4540 B1,B3 fn RI 3 E | ¥ E 41X, 5 B4,0SAVI, MSAVI, TSAVI,
SVNSWI, SNSWIa,SNSWIb,SVNI, DNSIa, DNSIb, NDSWIa, NDSWIb, RNSWIa, RNSWIb, DVNI, EVI, TVI, NDGI, SAVI,
DVI,NDVI,RVI #e PVI { E M B Z ML, 5 SATVI E B £ i 4, 5 B2, B5 fe BT )k k B Z M A, B th 8 A4
™M BB ERB G EEZREA AR ZUAL, AL DVIfnDNSIb v A E EW A EHEARE RS, kW
FIF Zet40 M LERGLERESTHERECED B ZTITH.

X B ORMILRESEE;IM B4 LN EAR

hE %S S127 X ERFRIRED : A

Estimating severity level of cotton disease based on
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Abstract: The cotton field infected by Verticillum wilt was investigated with both the multi-temporal TM images and the
field survey simultaneously. A model of evaluating disease severity of the cotton was established by analyzing the correlation
between spectral indices of TM image and severity level (SL) of the disease. The results indicated that with an increase of
disease SLs, the values of spectral indices B2 ,B4 ,SATVI,OSAVI,MSAVI, TSAVI,SVNSWI,SNSWIa,SNSWIb,SVNI, DN-
Sla, DNSIb,NDSWIa,NDSWIb, RNSWIa, RNSWIb,DVNI,EVI, TVI,SAVI,DVI,NDVI,RVI and PVI declined slowly, BI,
B3,B7 and RI increased gradually,NDGI increased at first and then decreased,while B5 exhibited a trend of decrease-in-
crease with an increase of disease SLs. The SLs of disease were highly significantly positive correlated with the spectral in-
dices values of B1,B3 and RI, highly significantly negative correlated with the spectral indice values of B4,0SAVI, MSA-
VI, TSAVI, SVNSWI, SNSWIa, SNSWIb, SVNI, DNSIa, DNSIb, NDSWla, NDSWIb, RNSWIa, RNSWIb, DVNI, EVI, TVI,
NDGI,SAVI,DVI,NDVI,RVI and PVI, significantly negative correlated with the spectral indice values of SATVI, and no
significantly correlated with the spectral indice values of B2,B5 and B7. All of the eight spectral indices of TM image se-
lected achieved significant correlation level. However, the linear models on the basis of DVI and DNSIb had the best esti-

mating precision. This study demonstrated that it is feasible to estimate quantitatively the SL of cotton disease using the
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spectral indices of TM satellite image.
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Table 1 The spectral indices of TM image and definition

bR EX i BAER B RjLE 1 EX B4R
Spectral indices Definition Author and years  Spectral indices Definition Author and years
Bl TV G 5 S RNSWIb B4/BS
B T2 B S s DVVI = B4 -BI
B3 TM3 BRI B DVI B4 - B3 Jordan, 1969
B4 T4 1O B 0SAVI (B4 ~B3)/(B4+B3+0.6) Huete et al. , 1988
BS TMS 355 B SR RVI B4/B3 Pearson et al. , (1972)
B7 TMT B b TSAVI (B4—B3-0.5)/(B4+B3 -0.5) Barel et al. , (1989)
SVNSWI (B4 +B5)/B1 NDVI (B4-B3)/(B4+B3) Rouse, et al,1974
SNSWTa s (B4 +B5)/B7 EVI 2.5%(B4-B3)/(B4+6%B3-7.5%Bl +1) Richardson & Wiegand( 1977)
SNSWIb# B4 +B5S-B7 RI (B3 -B2)/(B2 +B3) Escadafal et al. , (1991)
SYNI = B4 + B3 - BI NDGI (B2 ~B3)/(B2+B3) Chamadn et al. ,(1991)
DNSla # B4 -B7 TVI sqrt( (B4 -B3)/(B4 +B3) +0.5) Rouse et al. , (1974)
DNSIb B4 —BS SAVI 1.5+ (B4 —B3)/(B4+B3+0.5) Huete et al. , (1988)
NDSWIa (B4 -B7)/(B4+B7) SATVI (B5 -B3/B5+B3+0.1) %0.1-B7/2 Robert et al. , (2006)
NDSWIh (B4 -B5)/(B4+B5) PVI (B4 -10.489 = B3 —6.604)/sqrt(1 —10.489 % 10.489) Richardson & Wiegand( 1977)
RNSWIa B4/B7 MSAVI [2#B4+1-(2#%sqrt(2«B4+1) -8 (B4 -B3))]/2  Qietal  (1994)

. FORPOIEER) TM 4550 “B” %678 TM i L. * . The new image indexes of established. “B” denoted wave band of TM satellite
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Table 2 The spectral indices of TM image for different severity levels of cotton disease (mean +SE)
e HTEFEAL Spectral indices *
Degrees of

discase Bl B B3 B4 BS B7 SATVI 0SAVI
SLO 0.058 +0.0022bAB  0.120 £0.0172aA  0.087 £0.0013bB  0.687 £0.0085aA  0.265 +0.0018aA  0.107 £0.0152aA  -0.041 +0.0075aA 0.436 +0.0041aA
SL1 0.075 £0.0041aAB  0.105 £0.0020aA 0.097 £0.0039abAB 0.571 £0.0037bB  0.263 £0.0054aA  0.109 £0.0056aA  -0.045 £0.0026aA 0.373 £0.0046bB
SI2 0.078 £0.0031aA  0.103 £0.0033aA 0.099 +0.0032abAB 0.533 £0.0037¢cB  0.258 £0.0044aA  0.111 £0.0044ad  -0.048 £0.0020aA 0.352 +0.0039¢B
SL3 0.069 +0.0035abB  0.107 £0.0035aA  0.109 £0.0043aA  0.479 £0.0033dC ~ 0.264 £0.0055aA  0.128 £0.0059aA  -0.058 +0.0027aA 0.312 £0.0053dC
SL4 0.058 £0.0019bB  0.101 £0.0019aA  0.110 £0.0031aA  0.439 £0.0028eD  0.269 £0.0028aA  0.134 £0.0046aA  -0.060 £0.0018aA 0.286 £0.0043eD

MSAVI TSAVI SVNSWI SNSWla SNSWIh SVNI DNSla DNSIh
SLO 2.048 £0.0387aA  0.336 £0.0228aA  17.388 £0.5766aA 10.429 £0.3215aA  0.845£0.0177aA  0.715£0.0090aA  0.580 +0.0175aA 0.423 +0.0083aA
SLI 1.507 £0.0226bB  -0.151 £0.0316bB 11.694 £0.6936bB  7.934 +0.3498bB  0.725 +0.0052bB  0.593 +0.0086bB  0.462 +0.0062bB 0.308 +0.0053bB
SI2 1.332£0.0203cB -0.522 £0.0423¢C 10.514 +0.4688bB  7.363 +0.2656bB  0.679 +0.0043bBC 0.554 +0.0067¢BC  0.422 +0.0052bBC 0.275 £0.0052cB
SL3 1.064 £0.0240dC  -1.543 £0.0906dD 11.233 £0.4421bB  6.031 £0.2048¢C  0.616 +0.0048¢cCD 0.519 +0.0046¢dCD  0.352 +0.0074¢CD 0.216 £0.0065dC
Si4 0.884 £0.0192eC  -3.646 £0.0274eE 12.212 +0.3128bB  5.293 +0.1451cD  0.574 +0.0039¢D  0.489 £0.0022dD  0.304 +0.0057¢D 0.169 +0.0073eD
NDSWla NDSWIh RNSWla RNSWIh DVNI EVI RI NDGI
SLO 0.745£0.0175aA  0.441 £0.0052aA  7.547 £0.2534aA  2.597 £0.0330aA  0.629 £0.0094aA  0.849 £0.0108aA  -0.102 £0.0116¢B 0.102 £0.0157aA
SL1 0.681 £0.0135abAB  0.371 +0.0083aB  5.457 £0.2690bB  2.186 +0.0417bB  0.496 +0.0061bB  0.763 +0.0299bAB -0.047 £0.0093hcAB  0.047 £0.0093abAB
SI2 0.657 £0.0110bAB  0.349 +0.0077bB  4.988 +0.2065bBC  2.085 +0.0381bB  0.455 +0.0049¢BC  0.718 +0.0213bB  -0.021 £0.0053abAB . 021 £0.0053bcAB
SI3 0.582 £0.0151¢BC  0.291 £0.0098¢C  3.914 +0.1562¢CD  1.832 £0.0365¢C  0.410 £0.0039dCD  0.583 £0.0192¢cC 0. 006 +0.0066abAB -0.006 +0.0066hcB
SI4 0.531£0.0128¢C 0.239£0.0119dD  3.282 +0.1154cD  1.630 £0.0398dD  0.380 £0.0031dD  0.496 +0.0094dC ~ 0.039 +0.01052A -0.039£0.0105¢B
TVl SAVI DVI NDVI RVI PVI

SLO 1.129 £0.0020aA  0.705 £0.0063aA  0.600 £0.0089aA  0.775 +0.0045aA  8.057 +0.1810aA  -81,123.061 £218.0421aA
SL1 1.101 £0.0046bB  0.610 £0.0076bB  0.475 £0.0055bB  0.712£0.0101bB ~ 6.071 £0.2383bB  -83,731.224 £492.0622bB
SI2 1.089 £0.0039bB  0.575£0.0064cB  0.434 £0.0049cB  0.687 + +0.0084bB 5.501 +0. 1538hBC -84 ,495.728 +395. 8823hBC
SL3 1.064 £0.0056¢C ~ 0.512+£0.0087C  0.371 £0.0059dC  0.632 £0.01164cC  4.534 £0.1412¢CD  -86,338.697 +541.5749¢CD
Si4 1.049 £0.0047dC ~ 0.471 £0.0070eD  0.329 £0.0047eC ~ 0.600 +0.0098dC ~ 4.016 +0.1213¢D  -86,947. 166 +395.7599¢D

s U HRIRIR/ NS FRE R 2 5 B 2 (P <0.01) L2 (P <0.05).

# Different capital letters (P <0.01)or small letters(P <0.03) indicate significant differences within each column
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£3 TMEEEEEESRERESEENEXE(n=126)

Table 3 Correlation coefficients between the spectral indices of TM image and severity level of cotton disease (n =126)

FiEHE L Spectral indices Bl B2 B3 B4 B5 B7 SATVI OSAVI MSAVI TSAVI
A ZEL Relate coefficient 0.249 ™ -0.080 0.515™  -0.891* -0.024 0.111 -0.179*  -0.896"" -0.890 " -0.899 **
FiEFE L Spectral indices SVNSWI SNSWla SNSW1b SVNI DNSla DNSIb NDSWla NDSWIb RNSWIa RNSWIb
A3 25U Relate coefficient -0.578™ -0.715™ -0.747™ -0.845™ -0.746™ -0.883™ -0.588" -0.853" -0.732" -0.839"

FEFE L Spectral indices DVNI EVI RI NDGI TVI SAVI DVI PVI NDVI RVI
A Z 4L Relate coefficient -0.869™ -0.765" 0.524™ -0.524™ -0.819™ -0.894™ -0.891™ -0.736™ -0.823™ -0.808 "

TR 0.05 BEMRAKFE; o« TR 0.01 BEMIAKF, T

*. Correlation is significant at the 0.05 level; * *. Correlation is significant at the 0.01 level, the same below.

®4 ARFEETRERE TM BEIEEHEEXE

Table 4 The correlation coefficients between the spectral indices of TM image under different severity levels of cotton disease

Spiﬁfﬁi?;es OSAVI MSAVI ~ TSAVI  SVNI DNSIh NDSWIb ~ RNSWIb  DVNI TVI SAVI DVI NDVI RVI
b4 1= 0.958 " 0.992** 0.827* 0.972** 0.980*" 0.889** 0.915" 0.988" 0.837"" 0.953*" 0.991* 0.845™ 0.892 **
OSAVI 0.958* 1™ 0.985** 0.843™ 0.883™ 0.976™ 0.943™ 0.946* 0.939* 0.958" 1.000" 0.987*" 0.962 " 0.964 =
MSAVI 0.992*  0.985™ 1™ 0.827 0.945*  0.989* 0.919* 0.938* 0.978™ 0.896™ 0.982** 1.000* 0.902** 0.935 *
TSAVI 0.827™ 0.843* 0.827* 1™ 0.758 " 0.824™ 0.820™ 0.792** 0.782* 0.782* 0.842" 0.828™ 0.785™" 0.754 *
SVNI 0.972**  0.883* 0.945™ 0.758™ 1™ 0.930**  0.807* 0.845™ 0.989" 0.719*" 0.874* 0.942* 0.728" 0.806 *
DNSIb 0.980** 0.976* 0.989* 0.824™ 0.930™ 1™ 0.960 **  0.975™ 0.965™ 0.893** 0.973* 0.989** 0.898 ** 0.923
NDSWIb ~ 0.889**  0.943™ 0.919™ 0.820™ 0.807* 0.960** 1** 0.990**  0.866** 0.921v  0.944*  0.921** 0.922** 0.898 **
RNSWIb  0.915**  0.946* 0.938™  0.792™ 0.845™ 0.975* 0.990* 1* 0.895*  0.899™ 0.945™ 0.939 ™  0.903 " 0.912 **
DVNI 0.988 " 0.939* 0.978* 0.782" 0.989"* 0.965*" 0.866"* 0.895" 1™ 0.811*  0.933™ 0.977™ 0.819™ 0.879 **
TVI 0.837** 0.958* 0.89%6 " 0.782* 0.719** 0.893*" 0.921™ 0.89* 0.811* 1™ 0.963** 0.901*  1.000 ** 0.949 =
SAVI 0.953™ 1.000™ 0.982** 0.842* 0.874™ 0.973™ 0.94™ 0.945* 0.933* 0.963™ 1™ 0.984 ™ 0.967 ** 0.965 **
DVI 0.991** 0.987* 1.000™* 0.828™ 0.942** 0.989* 0.921" 0.939™ 0.977" 0.901 0.984* 1™ 0.907 ** 0.938 *
NDVI 0.845* 0.962* 0.902** 0.785™ 0.728™* 0.898™* 0.922** 0.903* 0.819 1.000* 0.967*" 0.907** 1™ 0.956 *

RVI 0.892**  0.964 0.935*  0.754™  0.806* 0.923* 0.898™ 0.912" 0.879™ 0.949™ 0.965* 0.938™ 0.956 " 1™
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Table 5 The models and their parameters for estimating severity level of cotton disease based on spectral indices of TM im-

age
SH %l HEHIZHL Modes Parameters B2 . S8 FeLEY FEHIZHL Modes Parameters B2 .
Parameters Modes a0 al a2 Parameters Modes a0 al a2
B4 Linear 9.252 -11.802 0.793 ** 475.066 RNSWIb Linear 8.701 -2.848 0.704 **  295.280
Logarithmic ~ -1.655 -7.282 0.845 ** 675.389 Logarithmic ~ 7.357 -6.363 0.724*  325.347
Quadratic 27.042 -71.651 48.945 0.939 ** 954.240 Quadratic 15.952 -9.437 1.453 0.739* 174.015
Power 0.308 -3.379 0.854 ** 727.641 Power 19.545 -2.915 0.714*  308.992
Exponential ~ 50.287 -5.536 0.820 ** 564. 164 Exponential ~ 37.438 -1.320 0.711 304.339
0SAVI Linear 9.992 -20.228 0.802 ** 503.742 SAVI Linear 10.251 -12.860 0.799 **  492.309
Logarithmic ~ -5.073 -7.531 0.811 ** 530.912 Logarithmic ~ -1.514 -7.752 0.803 **  506.385
Quadratic 16.220 -53.896 44.427 0.818 ** 277.051 Quadratic 15.627 -30.759 14.569 0.809 **  261.233
Power 0.066 -3.453 0.801 ** 497.632 Power 0.336 -3.552 0.792*  472.923
Exponential ~ 68.059 -9.373 0.809 ** 526.304 Exponential ~ 76.475 -5.953 0.804 **  508.630
MSAVI Linear 6.273  -2.502 0.793 ** 474.001 DVI Linear 7.606 -10.755 0.794*  477.743
Logarithmic ~ 3.991 -4.043 0.856 ** 738.973 Logarithmic ~ —1.686 -5.453 0.845*  673.753
Quadratic 11.156 -8.857 1.901 0.901 ** 562.359 Quadratic 16.084 -45.513 33.966 0.896* 530.514
Power 4.189 -1.855 0.847 ** 688. 121 Power 0.307 -2.516 0.845  674.213
Exponential 12,402 -1.172 0.818 ™ 555.576 Exponential ~ 23.133 -5.037 0.818 **  557.321
DNSIb Linear 6.100 -11.662 0.779 ** 437.956 NDSWIb Linear 7.855 -14.804 0.728 **  331.098
Logarithmic ~ -2.077 -3.740 0.828 596.570 Logarithmic ~ -2.663 -4.948 0.700 " 289.793
Quadratic 9.724  -34.980 34.241 0.862* 383.560 Quadratic 8.044 -15.905 1.526 0.728™ 164.269
Power 0.262 -1.705 0.808 ** 521.363 Power 0.208 -2.220 0.662 **  243.087
Exponential ~ 11.357 -5.442 0.797 ** 487.653 Exponential ~ 24.288 -6.752 0.711*  304.979
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Table 6 The models precision analysis on the severity level of cotton disease estimated with spectral indices of TM image

ZH e s A 5 K% (R?) 7 iR 2% (RMSE) MR R (RE)
Parameters Models types Simulated equations Tested Root mean square error Relative error
B4 Linear 9.252 -11.802(B4) 0.871 " 0.949 0.359

Quadratic 27.042 -71.651(B4) +48.945(B4 * B4) 0.787* 1.930 0.614

OSAVI Linear 9.992 -20.228 ( OSAVI) 0.763 ™ 0.646 0.043
Logarithmic -5.073 -7.531 In( OSAVI) 0.674 0.988 0.001

MSAVI Linear 6.273 —2.502( MSAVI) 0.841 0.622 0. 166
Logarithmic 3.991 —4.043In( MSAVI) 0.651™ 1.484 0.309

DNSIb Linear 6.1 -11.662( DNSIb) 0.820 ™ 0.506 0.008
Logarithmic -2.077 =3.74 In( DNSIb) 0.623 1.237 0.086

NDSWIb Linear 7.855 —14. 804 (NDSWIb) 0.670 1.446 0.4388
Exponential 24.288 e =6 752(NDSWIb) 0.429 ** 2.399 0.183

RNSWIb Linear 8.701 —2. 848 (RNSWIb) 0.778 1.574 0.614
Logarithmic 7.357 -6.363 In(RNSWIb) 0.702 ** 1.474 0.523

SAVI Linear 10.251 —12.86(SAVI) 0.753 ™ 0. 685 0.071
Exponential 76.475 ¢ ~5-953(SAVD 0.512* 2.394 0.119

DVI Linear 7.606 —10.755(DVI) 0.836 0. 606 0.154
Power 0.307(DVI) ~2516 0.464 * 5.640 0.804

SWla, NDSWIb, RNSWla, RNSWIb, DVNI, EVI, TVI, ~ SNSWIb, SVNI, DNSIa, DNSIb, NDSWIb, RNSW1a,
SAVI,DVI,NDVI,RVI il PVI f{E B % %% SL %  RNSWIb, DVNI, TVI, SAVI, DVI, NDVI, RVI #I PVI
ANzt B3, B7 Al RL AL REE 5% SL 3 9% SLAY{E S SLO AYE [A] 2 22 5 4 0 3% BI,
RGN, NDGI f (i 5 B JG 34 5 e i #a %4, T BS B3 ,NDSWla, EVI, NDGI il RI 765 % SL ik f ¥
) (B2 BTG Y R (S12) LUJE A5 SLO B i i) 22 57t 3%, B2, BS,

(2) HAEH S SL Jy SLI-SLA 9 T™M 5248563 B7,SATVI fy4E4 SL AY{E -5 SLO By ] E A 15 2.
5% B4, OSAVI, MSAVI, TSAVI, SVNSWI, SNSWla, i35
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(3) HifEHs & SL 5 T™M 5240k %L B1, B3
1 RL ¥ 5 4% 55 2 1E A 56, 55 B4, OSAVI, MSAVI,
TSAVI, SVNSWI, SNSWIa, SNSWIb, SVNI, DNSla,
DNSIb,NDSWla, NDSWIb, RNSWla, RNSWIb, DVNI,
EVI, TVI,NDGI, SAVI, DVI, NDVI, RVI f PVI ¥ 5
e i 2 A 56, 5 SATVI g 3 fi Ml ¢, 5 B2, B5
F1 BT YR IRF M ik 2 AH IR
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