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Model on Extracting and Predicting Pollution Information of Heavy Metal
Copper in Corn Leaves Based on VMD — MSE

YANG Keming LI Yan CHENG Feng GAO Peng ZHANG Chao
(State Key Laboratory of Coal Resources and Safe Mining, China University of Mining and Technology (Beijing) , Betjing 100083, China)

Abstract; Spectral reflectance of crop will be changed slightly when crop is stressed by heavy metal. The
changes of crop spectral reflectance have considerable significance for crop contamination diagnosis.
However, vegetation photosynthetic components are complex, which means that there may be no visible
symptoms in leaf spectral reflectance when the crop is stressed by heavy metal. And therefore the object
was to develop a weak information extraction method to excavate the vegetative stress signals through
minimizing the effects of background materials, such as those caused by non-photosynthetic components.
A VMD — MSE model was built to excavate and measure the weak information in corn leaves spectrum by
introducing the variational mode decomposition ( VMD) into hyperspectral weak information detection and
combining with multiscale entropy ( MSE). The model value could be obtained after treating corn leaves
spectrum by VMD — MSE model. In addition, linear regression models between model values of corn
leaves spectrum under different stress concentrations and Cu’" contents in corn leaves were established.
The results showed that the spectrum singular features of the original spectrum of corn leaves can be
extracted effectively after three times decomposition of variational mode decomposition. Model values of
five scales were obtained by calculating the multiscale entropy of the result of three-time variational mode
decomposition. And VM, the model value at five scales, had a significant negative correlation with Cu®*
contents in corn leaves, and the most significant correlation was between the first-scale model value
(VM,) and Cu’" contents in leaves. The linear regression model established based on VM, and Cu’*
contents in corn leaves was proved to be optimal by comparing the application results of five Cu’* contents
prediction models. Therefore, the VMD — MSE model can provide a new method for pollution information
extraction, crop contamination diagnosis and Cu’* contents prediction.
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entropy ; weak information detection

Wk HT: 2018 —07 —10  {&[al H. 2018 —08 —25

E&WB . SRS ZEITRERESLREIILST H (SKLCRSMI7KFA09) | [EFRK [ AR AT H (41271436 ) Fid Je mie LA
BHIFl 55 2 £ % 4350 H (2009QD02 )

TEERN . BT (1969—) 5 2z, Wit E S0, R 2N FHEDGIEE R B 1L PS5 ARE BFSE , E-mail ; ykm69@ 163. com



190 Ak #Hl

ke

20109 4

0 358

UTAER B I TSR 35 K RTS8 0 AT R
A5 3 Y G e g ) H g5 R 45 AN
Az A A R PR S (Cu) R 4
JEIE Y EE IR Z —, Cu 7 L 1y BRI
M AR R E A Em g E A
k3L NN R LR R NN LT R LS
it D, A T 4 JE TS Y i SR A R
WG E R, WP R, 52 H 4w TG G i Al B
ek &k AR AR H IR £ % H R
1% 18 % e AR AR CE 43 ) B R A RO 1F
B, B TR I W DU AE 63 R AE AR Ak ok 12 W
IERTECY )

HL 1 0 A R 3 A PP AN T e £ A2 38 R RS2 i)
77 AR R P WA P T DI 3 A5 40 v 7 G A7 B ) i 3
JR R T S — R SR B S e 55 15 8.
(R 7 15 1A 1 DY 3 S o 5 i T e M) 45 s P B
PR AR BOR 2 RO BRI T A B =
T R, A N AR D ((Wavelet
transform, WT ) | 43 JE 45 fiF 32 B =" ") ( Fractal
dimension, FD) | Z8 56 #2543 fi# ") ( Empirical mode
decomposition, EMD) 55, iR Jy A AE — & #2FE 1Y
AR B TS AR A5 R BT AR —E R PR
PE, WT HELIEERE G 1 B /N AL R 8, FD 32 25
KEERYSm , EMD 73 i i B A AE RS IR B AR
AR 43 B3 43 f# ( Variational mode  decomposition ,
VMD) S AR B2 H Y —Flogn 19 A & AR 5 20 i
D5k TP T EMD J7 ik iy n) 8, - HA AR 4
UL e = = O = 11 IR A e (s 94 4
B RPAE BB T 10 A e i SR A e A
i,

AICHI A VMD B g, JF 25 A £ R 6
( Multiscale entropy , MSE ) #4) —F 3 F A5 /0 B A 43
fift i MSE St 5515 252 U E Bl A (VMD —
MSE) , FIF VMD X}3Z Cu®* 5 4% i) £ K S ik £ 4
AT o AR ARAF B 4, DL MSE 5 ik X H e A7
AT VMD — MSE #AE (VM) , 33 VM fHS
FoKkmt e Co® SR AR COCR R T VM (B
HEFORI Fref Cu® R TNA Y ) LSS R OK 4
JER 15 YR RIS, W ARAEY) 8 Jm 15 G M I T 5
P S

1 EBig5H*

1.1 THEESHE(VMD)
VMD 43 fiff 3 TR S 5 A28 43 [ (8 ) SR fi it 72, 32

B3 AR 53 LA [ L S ST FIOR i Ry, B 2
{55 43 SRy B0 BT 536 1 [ RS A
I R G NS A R B T A (R
T,

(1) 2253 29 SR R A 2 T

TR EEAN RS R BA LR (9 A R B
ARGy TR O TR K AR w, (1) (R =1,2,
oK) AR RS A T T8 Z MRS, R
AR Z S TGS o BALIRIT .
A 1 Hilbert 28403157 5 2 A 5C 14 i A7
55 o QX TRABES, 8 A B0 8 5 % H
A TE B HP O AR R 2 B T AR e B R L
3 X R 55 AT HL 2 390 T 0 Xl S8 A7 A
i, @RI A7 2 ) R

K

min {Z d [(5(l) +L)u ]e‘j‘"u 2}
fugh , fop) Fe1 ! s k 2
K
s. t. Zuk =f
k=1
(1)
;H\:EP (u]’u29'“’ul(> =u

(0, 0,,,0y) =@
A 8(0) ——FAAL ik i ek R
u—r AR R K ARSI i
o— BRI Y PO AR
SR AR A5 S
IR JE o RAZ I
(2) 2853 Py R SR A
OF A ZKIETTH T o MR HETF A1),
W Y TR AR G 1) JAZ Ay Al 2 PR AR G T R A 1L
JrRYHIAR I H ik
Lty A) =

aj@m+#ﬁmﬂaw

RICIONOED FAOY

(2)
A o AE T T, 7 w30 e 75 A A A
DT AT RLORIIE A 5 (19 5 A A 15
A (1) ——HA% ) H T, R R R AR 1
R AR
@FIH] ADMM 5335 35 AU 2SR B A 3 i 1Y
P T H R RAY #, B (1) 29 AR o 450 7 11
PesE , Ferb A i w, S P DR o, 351 0

flo) - Yi(w) + 12

1 +20(w -w,)°

3
70 - 2w

2
+
2

u N (w) =

(3)



5513

el 5. FET VMD — MSE 19 K4 75 4e 15 L4 IS T 4 50 191

=
f ol i (w) ! do
n+l _ 0

(O

= — (4)
f | 2, (@) |*dw
VMD EARSEI R R ORItk (e b fe) |,

X o, A HATA I N 0 KA iR A5 40 K 1% 5 R 3t
AN IEEEE, ORPE(3) F=(4) 7 5 H

u o, GUH A, A (@) A" (@) +7 |f(w) -
i (w) | @B RIS | a7 - i3
l

) 1|5 <&, W45 1k 2 AR, A ol 205 28 5 5 00 [ 25
RO,
1.2 ZREN(MSE)
MSE J& & F HE A ( Sample entropy, SpEn) [
— i [] 2 51 52 A P Y B2 D7k T DO [ RUZEE
FE )P A I S R RREUR B X =
{2,205, 2 |, 0 MSE 1 LA HE AL B4R 20,
(1) S AR m FRVERR r KRN T 7 =
1,200, 7, ST OR8]

I

JT ﬁ)

1
(r) =1L v (1) 5)
¥, (7) Tizg,)m Js (

XtFEA 7, B  N N/r K EE N 7 (LR
5278
(2) THEREA
OHEER (1) AR R 7 51 2% m 2 1)
Y(i) = (yi(7) 500 (T) s ¥ (7))
(I1<isN-m) (6)
QHHE Y(i) Y() [E A ES
d(i,j) = max 1y, (1) =y, (7)I
(1<i<N-m,j#i) (7)
OXEA i, B3t d(i,j) <r BECH T IEL
HSWEE BN -m+1 AR, iIE1E B (r) , HOF
PIEICE B (r) B

B = YT ®)
B =yt S B (9)

ORI E m +1, BEZD ~Q, 188 B (r),
O A AR AE A

SampnEn(m,r) = lim

N—o

(_ln Bm+1<r)
B"(r)
4N A RAER,50(10) %Rl
B"' (r
AR (o) ~ (11) H5E A REF I
SampnEn , BI ] 15 3]

) o)

SampnEn(m,r,N) = —In

MSE(X) =SampnEn(y(71) ,m,r) (12)

L E B A A MSE o om Fil e 3 A4S
e, & Z WK a0, R s, =5,m=2,
r=0.158(Hrf 8 Ry X bR 2E) B, 6k & 15 B
T B | REAS At S WO IS 5 P Y S5 1S
JSESTIN
1.3 VMD - MSE ##

FET R BE Co®* JHlhaE B T 1) oK Bt
T A ATIAR A AEARL 8 R s, X AR FH A7 200
TSYLLWT B T —Fl VMD — MSE SEi% 4 ik S B
FE AR KA 3 R R B R B GIE 4
VMD 3 , e BURERS FME I 21 SRR AE AR 25 R L
w, , VB 22 RO IR, S B AR S RRAE () R A
b, BRRENE L R,

R IERT

D | i

it ik

Bl 1 VMD - MSE B2
Fig. 1 Flow chart of VMD — MSE model
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