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SM-DMFD model for detecting pollution information of corn leaves stressed by copper ions

ZHANG Wei, YANG Ke—ming’, SUN Tong-tong, WANG Xiao—feng, CHENG Long

(College of Geoscience and Surveying Engineering, China University of Mining & Technology (Beijing ), Beijing 100083, China )

Abstract: Potted corn experiments were set up with different Cu?* stress gradients in this study, based on the collected spectra of different
types of corn leaves and the measured Cu** contents in the leaves. An SM—=DMFD model for detecting the pollution information of corn leaf
spectra was constructed by building a screening model (SM ) of leaf spectral variant information and using some spectral analysis meth—
ods such as the harmonic analysis(HA ) preprocessing, empirical mode decomposition (EMD ), discrete wavelet multilayer decomposition,
and divider method fractal dimension (DMFD ) methods. The application result of the SM=DMFD model was analyzed and compared with
the results obtained by some conventional methods such as the green—peak height (GH ), red edge position( REP), maximum value of red
edge(MR ), first derivative area of red edge(FAR), and box dimension method( BDM ) for monitoring plant heavy metal pollution informa—
tion. The analyzed and compared results show that the correlation coefficient R of the DMFD values obtained using the SM—=DMFD model
and the Cu®* contents in corn leaves and the fitting determination coefficient R? reached 0.986 0 and 0.972 3, respectively. These coeffi—
cients indicated that the SM—DMFD model can effectively discriminate the variant information between the different spectra and can judge
the pollution degree of corn leaves, thus verifying that the SM—DMFD model has better effectiveness and superiority in monitoring Cu** pollu—
tion information of the corn. Meanwhile, the model was also verified as having the ideal monitoring effect through visualizing the monitoring
results of corn pollution information detected via the different methods.
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Table 1 Cu® content in corn leaves
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500 9.46
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Figure 1 SM-DMFD detection model processing flow
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Figure 2 Comparison the results on the original spectrum with the

de—noised spectrum processed by HA
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Figure 3 The IMF, components of corn leaves’ spectra

based on the EMD
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Figure 4 SM values on IMF, components of corn leaf spectra
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Table 2 SM values in the two specific band ranges and the

correlation coefficients with Cu®* contents in corn leaves

SM I&A{E - 24 L 1L
P EEIX [E]/mm 5 CP a;ﬂﬁ
Cu(ck)  Cu(250)  Cu(500) HXFRELR
1263~1373 157.358 8 133.0549  124.626 8 -0.950 6
1522~1649 2272415 223.0955 216.393 0 -0.995 7
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Table 3 DMFD values on the detail coefficient sequences and the

correlation coefficients with Cu® contents in corn leaves

CIRTES DMFD fi 5 CuP R
51 Cu(ck)  Cu(250)  Cu(500) M RE R
cd, 13580  1.340 4 1.384 1 0.627 3
Cds 14286 14453 14559 0.985 4
Cd, 13879 13980 1.404 5 0.986 0

RS R DMFD {54 A8k, {H Cd; A1)
DMFD {8 5 F KM Fr i Cu 5 it (9 A0 5C R ik 2
0.986 0, Bl A& PE 7 , H. DMFD {5 Cu> i &
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17 EOKE 4 @ 15 G A B AR, LW 5 R e A, fig
BRI FOKE 4R T YR B
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(MR) . £13 — i 404 Bl T B (FAR) 3875 4ol e
o 2 i A e R0 (BDM) A 135 G Wi g FH 465 4R Eb
4 Hr,GH . REP MR 1 FAR W15 ik ansge 4 pr
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Table 4 Monitoring methods on plant pollution based on

spectral parameters

ZH TR

CH  FHERELE 500~600 nm i KA
REP [ GE— Bl 78 670~780 nm fi KAFX i K

MR RAHEHE—BoTE 670~780 nm A fH
FAR UGS — B 2R 4E 670~780 nm 5 AL Rl iF J [l Jir
iR

RAIMERF 2R ERIET R
®S ERM A CoimZENH SM-DMFD &3 5
BMAENRAER

Table 5 Application results on the SM—=DMFD model and some

conventional methods for monitoring Cu® pollution of corn leaves

nE-yE F R 5w E
WEWTTE: cu(ek)  Cu(250)  Cu(500)  MRRER
GH 18.6744 199967 20443 3 0.948 9
REP 715 715 700 -0.886 6
MR 07594 07620 07923 0.916 8
FAR 341344 341317 344033 0.882 4
BDM 11308 1.1305 11332 0.835 1
DMFD 13879 13980 14045 0.986 0
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H AT A, Bl e s ME B 45 Ml it BZ'=[0 50
100 150 200 250 300 350 400 450 500]; ifii Cu* i
JHEEREIA] I XP'=[0 250 500]; & B A e 1] it
GH'=[18.6744 19.9967 20.4433]; £Iihfvi B &8 M
# REP'=[715 715 700]; 2L 0 e RAEH S AE 17 B MR’
=[0.7594 0.7620 0.7923]; £T.3}1— Wi 8430, 1Bl i AR 3
B A FAR'=[34.1344 34.1317 34.4033]; £4i%k
PG A BDM'=[1.1308 1.1305 1.1332]; DL &%
SM-DMFD # %1 () 37 F 313448 7] 5 DMFD’ =[1.3879
1.3980 1.4045],

(2)XF RIS 1) F A T — R A 3L, (o i 145
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yi= Xi —Xmin (10)
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= (10) X b iR Aw i 8 4% 1] 1 A S & BRI A
5 G Wy T A T S A T I — b PR 15 3
A 1 0H—4k & R :BZ=[0 0.1 0.2 0.3 0.4 0.5 0.6
0.7 0.8 09 1;XP=[0 0.5 1];GH=[0 0.7475 1];
REP=[1 1 0];MR=[0 0.0790 1]; FAR=[0.0099 0 1];
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Figure 6 Fitting results on the computing values of the monitoring methods and the Cu* contents of corn leaves
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