RGE

PAik: http://www.aes.org.cn

\GRO-ENVIRONMENT SCIENCE

FT SD-SWIHI A T At A R Bim] 515 R T
Zfan, MAry, whE6, m, sk

FIHASL:

i, T, SRS, . FETSD-SWTRRINE F T KOG S B 5 15 Qe M. Al P REaRk-22240, 2020, 39(9):
1869-1877.

TELR B View online: https:/doi.org/10.11654/jaes.2020-0468

FETT BRI HAB S

Articles you may be interested in

FRAR L HVER R R

223, FOE A, L, M, UK, ERRTE, RIAAK, RN

LV FRBE R3] . 2020, 39(9): 1900-1907  https://doi.org/10.11654/jaes.2020-0401
il 8 T KGR R AT S S R B 15 AL E )

2, Hel W, ERG R, S, kil

LAV IAETRL 2447, 2019, 38(1): 1421 hitps://doi.org/10.11654/jaes.2018-0501
BB E T AR 15 G5 S A SM-DMEF DRI A5 A

sk, TR, MY, EeilE, FEE

L FREERL 2447 2017, 36(9): 1753-1761  https://doi.org/10.11654/jaes.2017-0536

TR F S Y EEMD-MA-F D2 ks 75

LMV IABTRL 2247, 2019, 38(4): 779-786  hitps://doi.org/10.11654/jaes.2018-0857

WO 752 B 3= AR 4 fa e KU DA
HHET, ol W, L, LRR, ikt
el FREERLE224T. 2019, 38(3): 534-543  https:/doi.org/10.11654/jaes.2018-0630

KHEMIG AT, REEZFIRER

Jo


http://www.aes.org.cn/nyhjkxxb/ch/index.aspx
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0468
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0401
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2018-0501
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2017-0536
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2018-0857
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2018-0630

2020,39(9): 1869-1877 xR W F OB R F F R 202049 H

Journal of Agro-Environment Science

P, AT, EER, BT SD-SWT RYHIIMA T K8 A5 Stk U 5 75 G DN )]. B PR R 2241, 2020, 39(9) ¢
1869-1877.

LI Yan-ru, YANG Ke-ming, HAN Qian—qian, et al. Spectral singularity identification and pollution monitoring of corn under copper

il
stress based on SD-SWT[J]. Journal of Agro—Environment Science, 2020, 39(9): 1869—-1877.

FFiERE OSID

ETF SD-SWTHISEEME ™ EX LT RIET A 55 )
EXHin, MR, S5, o5, kEL

(PP Ak R (It HUER B2 S22 TR 2B, JEat 100083)

O U AR (Cu) WA R E KOG Y55 28 K A3 AR B LU 1K 52 Cu 5 LR , T 2017 480 B 2 W% Cu A T
FORFERRAAR TS, M 7E F R Fr S G568 A Cu % i Bl A5 — o6 il o (SD) F S BICP R/ NB R e (SWTOARZS &, 7€ ST I
/NP AR AR BL(WSD) , BEAT L3S i A S PR B, 15 W LA IS R 2 B AT X L s 45538 48 20k [l (SMLR) 5032, fy 2 &
Kt B Cu 3% 3 ) WSI-SMLR Sz A5 7Y (] B A1) FH AN ) 45 53 SR A 1) T K it S ST 385 1 Cou 23 et K000 90 UE S B A TR 1 W] 47 K A
SENE, IS 2L O R IFTE ORI T o 52 R R A H T8 UAOCIERRE S 8, WSTS KM R o i Cu 35 5 A S R 5 Y
AN B B SC AR, AT FHOR B F K A Y Cu 5 28 AL 5 5 — S8 A A S IBEFE R AH LE , WSI-SMLR 458 Sz 8 K i -
Cu i = RS R & HSE AR o BIFGTIRAIE T /N 45 S i B5CEE M 6K Cou ¥ e U T B A AR R 8, S S A V40 o 4 s 5
Qeg il 7T RO A AR B S BRIk

FKEEIR : FOK 75 G Gy S b s B RO RS/ N e s /N Ay SR B 12 A0 Z2 ek [l

RESES X171.5  XEIFRERG:A  XEHES:1672-2043(2020)09-1869-09  doi:10.11654/jaes.2020-0468

Spectral singularity identification and pollution monitoring of corn under copper stress based on SD-SWT

LI Yan—ru, YANG Ke-ming’, HAN Qian—qian, GAO Wei, ZHANG Jian—hong

(College of Geoscience and Surveying Engineering, China University of Mining and Technology—Beijing, Beijing 100083, China)
Abstract: An initial pot experiment of a corn culture plant under the stress of multi—gradient Cu was set up in 2017 to monitor the degree
of corn polluted Cu. The reflectance spectra and Cu content data of corn leaves were measured to identify the weak difference and singular
information of corn spectra under the stress of the heavy metal Cu. Wavelet singularity indexes (WSI) were defined and extracted by
combining first—order spectral derivative (SD) and discrete stationary wavelet transform (SWT) to identify spectral singularity compared to
the conventional spectral characteristic parameters. The model of WSI-stepwise multiple linear regression (SMLR) to retrieve the Cu
content in corn leaves was built by combining these algorithms. Meanwhile, the feasibility and stability of the retrieving model were verified
using the reflectance spectra and Cu content data of corn leaves collected over the past year and compared with similar research results.
The results showed that, compared with the conventional spectral characteristic parameters, WSI had a more significant correlation and
linear relationship with the Cu content in corn leaves and could be used to monitor changes in the Cu content in corn leaves. Compared with
similar research results, the WSI-SMLR model exhibited higher accuracy and stability in retrieving the Cu content in corn leaves.
Therefore, wavelet singular indexes are effective and superior in monitoring the Cu pollution of corn, providing new spectral singular
indexes and technical methods to monitor heavy metal pollution in crops.

Keywords: corn; copper pollution; spectral singularity analysis; discrete stationary wavelet transform; wavelet singularity indexes; stepwise

multiple linear regression
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Figure 1 The pot experiment of corn and spectral measurement

of corn leaves
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Figure 2 Spectra of corn leaves under the different Cu
stress gradients
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Table 1 The Cu content in corn leaves under the different Cu

stress gradients
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Figure 3 The process of filter modifying and wavelet decomposing
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Figure 4 Detail coefficient curves and stationarity of the SD curves under Cu(400) stress gradient decomposed by the
db5 wavelet function with different scales
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Table 2 Correlations between wavelet singularity indexes(WSI) and Cu content in corn leaves
Wl T4 H Statistical results
,
CK(0) Cu(50) Cu(100) Cu(150) Cu(200) Cu(400) Cu(600) Cu(800)
MPSV 1.1187 1.173 1 1.2092 1.275 6 1.303 0 1.288 9 1.3398 1.469 3 0.957 3
MPSA 16.338 5 16.960 7 17.393 7 18.178 0 18.8135 18.884 9 18.989 2 19.136 0 0.876 1
FWHM 15.173 1 14.948 4 14.9259 149211 14.929 6 14.859 8 14.867 2 14.425 1 -0.8215
MPSP/nm 675 673 672 671 670 671 668 668 -0.9490
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Figure 5 Linear relationship between each monitoring method and Cu content in corn leaves
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Table 3 Calculation methods of spectral characteristic parameters

28 [ECVRES

Parameters Calculation method
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Table 4 Existing research results of monitoring Cu

pollution of crops

7 Model KV Source
SM-DMFD SCHk[22]
Sy SCHk[23]
EEMD-MA-FD SCHR[24]

R5 CEFARBERESES WSI-SMLR # 8 i) 57 S EXTEE

Table 5 Comparison of application accuracy with the existing

research results and the WSI-SMLR model

e S 2H Retrieving group 3 IEZH Verification group
Model R RMSE R RMSE
SM-DMFD 0.966 0 0.549 0 0.9723 0.5700
Si 0.920 7 0.838 0 0.934 5 0.876 5
EEMD-MA-FD 0.8927 0.974 5 0.953 0 0.7423
WSI-SMLR 0.996 7 0.342 4 0.999 8 0.076 8
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Figure 6 Comparison of the Cu content in corn leaves with the retrieved values by each model and the measured true values
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