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Spectral variational mode decomposition and VMD-CR-ED
model on measuring vopper and lead pollution of corn

YANG Ke-Ming”, SUN Tong-Tong, ZHANG Wei, CHENG Long, WANG Xiao-Feng
(College of Geoscience and Surveying Engineering, China University of Mining & Technology (Beijing) , Beijing 100083 )

Abstract: The monitoring of heavy metal pollution in crops is one important application of hyperspectral
remote sensing study. Heavy metal pollution can cause spectral distortion of crop, but the crop spectra
of different pollution degrees still have very high similarity in shape, so one of the key problems in mo-
nitoring its distortion is how to extract the weak difference information between similar spectra. In this
study, a VMD-CR-ED measurement model was established by introducing the variational mode decom-
position (VMD) theory into weak change monitoring of spectral information and combining with the
continuum removal (CR) and euclidean distance (ED) methods. The model was proved to be superior
in distinguishing the different pollution degrees of corn leaves by compared with SA and SCC. At the
same time, the correlation between VMD-CR-ED model and eight characteristic sub-bands of corn leaf
spectrum was analyzed. Finally, based on the test data, it is proved that the VMD-CR-ED measure-
ment model is feasible and reliable in the monitoring of copper and lead pollution of crops.

Key words; spectral analysis, Variational Mode Decomposition, pollution monitoring model, crop, cop-
per and lead heavy metal
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Fig.1 Average spectra of old, middle, new corn leaves
under different stress gradients
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M SA.SCC Fi1 VMD-CR-ED #5 % 2 [a] i) 8 4 ¢
M , % min-max FR#EFL ( Min-Max Normalization ) %
BARIEAT T IH— AL 3, (15 & F8 bn ik T ] — B i
P, E5R R 2 s, R 2 ] LUE L SA 5 SCC
D 1) 22 S PR R/, AN BB AN [] B 30 266 B 1) &
K B i X 43 FF 5 1] VMD-CR-ED A5 21 45 {6 7
A5 P Z IR AH 220K, BB A A5 IX 43 A [a] JBik38 466 5
1) E K

%1 SA SCC #1 VMD-CR-ED 75 3% 3¢ iE 80U M BE 45 R

Table 1 Measured results of similar spectra based on the
SA, SCC and VMD-CR-ED methods

W (ue/s) SA scc VMD-CR-ED
Cu(250) 1.57079109 0.000021 38 0.5931
Cu(500) 1.57079111 0.00002142 1.3676
Ph(250) 1.57079092 0.00002151 0.1348
Ph(500) 1.570791 10 0.000021 23 0.8981

%2 SA.SCC #1 VMD-CR-ED £ ##B1H— L Ab IR R
Table 2 Data normalization results of SA, SCC and VMD-
CR-ED methods

MY E G R S A R E i, IR SR R AH AT T
T 25500, BRI 3 Fos. st 7otk 2 A ST
WG RE B TE R BB -5 AR AL S BRI 20 M 1] B AH HAE
FHZE R, B4R IhE T A i NS R 2 8k
RA5H R A EAR, R, 7 RO AR e 5T v, 32
AT % B 4R I aa A s AT
DB T LLAMN B Y BB FRAE 22 5. Sy 1 i — 2D 4R
F 0 T 4 S U R AT %) D' T e 07 X[, IR OGS
P B (350 ~2500 nm) X4+ H485% (350 ~ 436 nm) .
2Rl (436 ~ 577 nm) B (577 ~ 622 nm)  £130
(622 ~762 nm) JEZLAMNEE (762 ~1309 nm) T4
(1309 ~1587 nm) .0 A(1587 ~1902 nm) Al
I B(1902 ~2500 nm)8 MRHAEF- Bt 8=, i H]
VMD-CR-ED #8122 AN [a] 75 Y B2 8] B4~ -1
255 2, GET Ck(0) SRIRITS Yk BE R i ol
T 2E SR EE A R 3R 4 e, fh B 4 m] DU B
NI AN TR] Jofh 38 46 B2 4% - i B [a] VCE {E /42
b ZiG e 3. 3K 4 FIEl 4 AT, M4 R AE
fE Cu® " B T F R 25,5 K F 1, a4 %

WS B (pe/g) sA sce VMD-CR-ED {EAE Cu® " e F 22 AR, 7= A A8 Al Y 32 D PR A2
Cu(250) 0.999999 99 0.99813259 0.43367944 0y . 5 24 . .
Cu(500) 1.0000000 1.000000 00 1.000000 00 Cu ﬂj}ﬁ%ﬁl’ u+’i%§ﬁﬁ Pb Hj}la‘FE/‘J F ﬁjﬂ
Ph(250) 099999989 0.98698280 0. 150094 64 1.54,5 1 235N, SIS 2 EAE P> Bl T
Ph(500) 1.00000000 1.000000 00 1.00000000 %E‘Z(Eﬁ\%’ﬁﬁﬁ*ﬁﬂfﬁ%{ﬁ“é{]/ﬁ{k}imxﬁﬁ@

3.2 ETHIEFHETFRERA VMD-CR-ED S2UEM &3 EXMHAMHEIREMMER Co’ Py &8

. . 2+
Cult ol Ph2* HE AR P 2B R A2 Table 3 Chzl?rophyll l:elatlve concentration and Cu™" |
’ o Pb”" content in corn leaves

BRI 0  2 1T RN 4538 o k. KRG pET——

TELE BIALE] %, B <5 i e AR ) PR A B A 5 1 BROBE (ue) BRI Ol PRAR HEEF

S I 6 48 T B, M S ) W e

THAAAERME— BB ITR , R, S H 48T CK(0) 3.6 oS

' - Cu(250) 33.2 4.96 25

EoGME RN Mg A B R, TR Ca(500) s o 16

YR A FIRCR WG A D, (AR 7 ) 6 16

g0 BT LAZERFSY Cu®* 1 Ph ™ X 6 KA ik 1 Ph(250) 36.3 13.32 1.54

3156 R, TS T K e R R S5 e B (500 5.8 151

®4 FEFKEMH Cu®* P’ Bl TEKM F i VCE &

Table 4 VCE values on corn leaf spectra stressed by Cu>* .Pb** at different sub-band intervals

- Cu® * B (pg/s) PL? * Il (pe/g)
7 FIL 2 2
SR 250 500 R 250 500 .
#%(350 ~436 nm) 0.3652 0.9002 0.9978 0.0952 0.6115 0.8351
%04 (436 ~577 nm) 0.6538 1.1660 0.9937 0.1293 0.9345 0.8256
H#1#1(577 ~622 nm) 0.1663 0.4101 0.9978 0.0590 0.2722 0.8678
£131(622 ~762 nm) 0.5931 1.3676 0.9994 0.1348 0.8981 0.8321

JELLAMES (762 ~1309 nm) 0.3063 0.6507 0.9999 0.3140 0.4721 0.9998

A (1309 ~ 1587 nm) 0.1869 0.2555 0.9542 0.1290 0.1575 0.9889
04 A(1587 ~1902 nm) 0.4464 0.4525 0.8501 0.2855 0.4860 0.9947
U B(1902 ~2500 nm) 3.6809 9.1308 0.9976 1.7541 177.7266 0.7525
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AH AR X BEAIG, S A Gk E] 0. 850 1, 78 43 1
Cu’ " %F K Y 75 G T8 BE i, 2505 N AR R 40 B
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Fig.4 Variation of VCE values of corn leaf in different
sub-band intervals
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FAPE 78 2016 4721 FHARTR] 7512 3R 1 B s v b
HLEEHL Ck(0) ,Cu(100) Fl Cu (400 ) X 455 7 JF 17 5
HIE. Lh Ck(0) X} BESGHE , Cu(100) F1 Cu(400) il
BOGE, 25 Rk 6 s, W& kA VCE {H5 0t
Frop Cu®* frim B IE MG, 78506 BhIg  Bh 4
FELTAMT- 5 6 i B P AH SC PR , ml e 4
J& Cu V5« FORMFREE , 7Ei A TG A FIIT I B (1
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Table 5 The verification of VMD-CR-ED model with dif-
ferent pollution levels

e Cu® * b b (pe/g) R
100 400

#51(350 ~436 nm) 3.8225 6.1547 0.9996
5545 (436 ~ 577 nm) 4.9825 6.1094 0.9831
#3 (577 ~622 nm) 3.0850 3.5233 0.9701
2131(622 ~762 nm) 7.5353 8.1717 0.9588
ELHMNEA (762 ~1 309 nm) 4.3907 4.5234 0.9453
4 (1309 ~1 587 nm) 6.6235 6.5495 0.9331
il A(1 587 ~1 902 nm) 4.7453 4.7581 0.9374
i B(1 902 ~2 500 nm) 6.4317 6.299 0.9301
- Frh Cu? A 9.7684 29.6108 40.5516

4 it

PREWIIE T8 S B2 43 i (VMD) BB 7E 't
T BRI K 4 R Vs G i %) O . B9 4 R
FHH VMD BEAS A R $2 OGS 19 55 45 B R G E
WEF5 4 VMD 1) 3 IRAM ), BB AT 509 i Mgk 75 A
EMD #Z57R S M4 [FHE VMD g JEmt b 454
2B (CR) SRk 2 (ED) , M # T Cu
Pb 5 0L £k I ot {E B R AR B VMD-CR-ED
DU EE A A 5k, 8 A XF e B SCC L (SA 5
VMD-CR-ED BRI {45 %, 15 ) VMD-CR-ED #17Y
DR Ry B 3. S BRI, 78 8 ASFolils v
VMD-CR-ED #EAYM B £ oK Cu Pb i35 YL, 15
VMD-CR-ED # 8 )37 FH i) VCE {5 Frf Cu®* 01
Pb** SRR IEAE, SR S RE ML R,
FE T KA Cu® " V5 Y6k, 00 At ¥
1 EL GELLAME 5 FA g B G Be N VCE B
S Co®t SRR e MRS 0.99 DB, n] Wi
T2 Cu ¥5 YL FR B ; 7250 M7 T oK 32 Pb** i
M)FIERERT, T LU & A R I A Sk Ik B
P VCE {50 F v Pb** A et thE 1A 5] 0. 98 LU
B AR K AZ P TS YRR A AT AT I,
FIH 5 — 32555 s % VMD-CR-ED iR gE 47 T 38
PEIGIF | B63F 45 S 32 B, VMD-CR-ED #5781 12 Iy 25 B
AELAR T ARV T 5 DA ) A 35 e R )y T A T A
PR, S W 2K Cu Pb 35 e 4R 4k 7 —Fh oA 25011
FE.
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