LA 5 HT R R R AR T R B e HIRE N & '
Rapid determination of soil organic matter using near-infrared

spectroscopy combined with a novel double ensemble modeling method
FRE, FEF, RTR, FIGR, FTHES
(REZ LV XFRFIASERFR, +ERE 300387)

WE: EAGIERARBEPGE, T8 HREMR S, W52 ORIENES & H T 248
s BT ART, (At de et , S WL IR R (Blnmg) SR 4
M, AT REARRASERE B, B9t 55 A o AR gt ml LB I A 2 AP B SR A e B ALY
ke e MR TS FE . RIBE, ASCERH —Fh BT 525 RS (Monte Carlo, MC) -S4 {45
% (butterfly optimization algorithm, BOA) XU Hifi /s — 3 (partial least squares, PLS)
B, R SIEAAMDEEARL S, AT LA IR S B AT, N T RIE
IR RN, G H R T A MU O 5E AT 45K B, BOA-PLS 7E@#ME
AE_LART PLS, 1) MC-BOA-PLS #t—3P4%m | BOA-PLS fERE. [Kik, MC-BOA-PLS Jj
VENT DU ZE R = PLS A8 1) T 14 e

R SRS WIRI RS, b o EER; 2ok

1 58

LA BT TR 1 BRI, R A B R D R B RAR1-3]. BEEEAEK
KA MBI RS e RO E B EI[4]. Rk, PRI HER b A 5 LS Xt
T R AR S EY - B R R EE ., 4N SOM & IMETIEFEN . . ARG I
VRS o AT RS ) A HLUSUN € [5-7]. F T 3B ) 2 () A e, /DB ek
FETCIEHEfR S BRI 70 DX 3k - 897 40 IR 25 [R) 3 A [8-10]. PRI, FR @S —MuErfi. &05%. &
M TEHI B ERAGE SOM & & .

EIAE AT IT 0, LA 2 P& LI HUR & & . 2016 4F, Song %%
A[LZEN & SOM i, f#if PLS J77%45 H RMSEP A 1.76; 2017 4, Lin 25 A[12]f#f PLS
J7iEAF RMSEP 4 2.2516+0.3543; 2023 4, Yang %5 \[13]f# FH FIFE 777545 H RMSEP N

2.049, [ HE = T R FE AR DAL,



LA IS R TE . 55 EERRUBEBA R, XN 7R R 2 E(14,15]. Oy T ek Bk
R, SIN T 2 ek R — RAV GBI AIEOR, Wfwi/h 3 (PLS) [16-19]. A
TR (ANN) [20,21] AR [EIF(SVR)[22,23]. RE2ASIHL (ELM) [24,25]1%%.
PLS {EALIE HAT SAEAT B KA 77 T 0 17 B A 0 250 A5 H il oy 22 e i vh d S HE SR I T
15[26]0 AR, SRR HE T VR IG T I BE A I AN NG R . I, T ISR AR SRR
A IUATHERT U RN SR T2, Bl MR TT 0], AR B T7 A) . REA AR T 0] LK R AR 15 5
(A RN S5 BE[27 10 T RE AT 10 F B2 B A v LS 58 450 I R ke 4 o 4 i e
W ZFEE . SR, AREARECR R/, TP REAR 22 0 5578 07 1) ¥ 2 Fl A 1T LA ft
APEAR I, IBRTERAE R, MR ek . 5 R A L, RS A v LA —
SR R e PR TIUAG B[ 26] 45 A R AR BE BRI J7 T SR A AIE £, SUBE SR 7 6
V4 AT o 2 B R 2 1 O

NTEESHT EEPEIREE, ETZERE (MO RN BOA HIMLA, R T
— P IR R PLS 715, RN MC-BOA-PLS. fEiZ /53, il 58 i MC KA MR
Bl ZREE Pt — Bk BOA BEKRAEMEZ NN TE. S5, AL T4 EE PLS
TR, B 2PN e F ) PLS 3L BN BEAT P KR 3RA . L ELER PLS.
BOA-PLS #1 MC-BOA-PLS, HiiE " A& i 777 (A 2k
2 FE5HE%

2.1 BRRIBEUF

SRR D HURE P AL FBEALECRIE R GE T 3R J R, F I 58 278 & 1) JE28,29].
TEH I RS 2 AR, G2 S T2 MOER B . fEAR TS, RS PLS
TR, #RAT MC REEEAR . BARKUL, st BENLIR I — & HUOR R A E AR T
85 BORBERLIEER A 77 2 B T R () 2 AR RN B e v, AT B8 A T b S 090 ) s
fiE. BT ZIR MC RFF, WLAR RS A RS s AR o, IR — e fE b
G T X B — AR (R K
2.2 MC-BOA-PLS 5%/ F

TET LA, B IEKE MC SRAEEAT BOA AR BEF T VAMLE &, FEMFEAR T A4S B
TrIE o AT RS, 456 MC SRFENI BOA ML AL, ZERTURASR, MEERE. W, W
FERITLLAME R . MC-BOA-PLS MR & 1 s, BB ERUT .

(D KPrAREARR) 2/3 73 NIZREE, 13 73 TR, 70 T @M AMREGAE .



(2) TEYIZAEPEH MC RAF, BENLIEFE— 2 HOR R A TY B AR 145

(3) XFEAFEEIAT BOA B EIEPE, LIMIBRAAH IR B I RGN Zh 72

(4) i BRI FHed 7 PLS FREL., EEDE (2) £ (4 KK, UREF KA
A ) F AR AL

(5) FHAH T T FREA, AT BRI SE R . X BrE F R T
g5 AT TR B2y, 15 B AR 45 R

L Training set samples ]

l MC | mc 1 MC
A

Training Training oo Training

Subset 1 Subset 2 Subset K
BOA BOA l BOA
‘ Sub-model 1 ] I Sub-model 2 | ®ee | Sub-model K
l PLS l PLS I eLs

v
‘ Prediction 1 J ‘ Prediction 2 J ¢ ¢ Prediction K
Average

LFinaI Prediction ]

1 MC-BOA-PLS #i2E

3 2%

RN 1 3EE RS2, & Rinnan 58 A[30]8&4, HA a3 108 NHIEFEA, DINAE
ML AN f S E S . WEIEER DLERIE http:/www.eigenvector.com. | N #. Y61 H

NIRSystems 6500 I 2L 66 (Foss Analytical, Hoganas, Sweden) M. #F/MGi
£ 400-2500nm HIBACTER Ik 7 1050 AR, (AR 2nm. DUTZLAMGIE A L3 AHL
AT . B2 (@) F (b)) 35lER T d i il ik i

FETHR T, IR I 72 A 36 ANMREAHEAT YN GRAITITI o )1 2556 A0 000 5 >
TSR AL R AN IGAIE . 7F PLS. BOA-PLS Il MC-BOA-PLS #A L, KA T
FIRIVIZREE . TRISE 7 ik


http://www.eigenvector.com/

] 1004(p) s
1 Q,
3
1'2i °%ﬁ§%§w?£§“§%§§ﬁﬁ 00 o
c %, e )
3 ] S 80 ’ R
5 ] N R 4
o) -E [
5 0.8 @ ® 9o
3 : 0
< 8 1 >
] "]
0.4 » o) o
500 1000 1500 2000 2500 0O 30 60 9 120
Wavelength/nm Index of samples

B2 THEEEEHN NIR E () MERPAEIREASORESFBE (b)

4 Rt
4.1 SRR VR P ER R B

TEARUHE MC-BOA-PLS HAS H () — A 5 22 28 ik ARURER /N, AR ) F00 A
FERFE, IR ORI, PH A IRURISE R 5 e e et n o BRI, PRl ik AR B 1
TR (R HER P BA VR RS o 72X 7, SEARIRBURVE R 1-500. ZEAEUGER T,
#57. MC-BOA-PLS # 4 J£-3ji#5 RMSECV.

Kl 3 EoR TANUSA 7 B RMSECY BRIEA AR . A& 3 el BLE H, ki
HAR/NIF, RMSECV A HUN . BEE ISR, RMSECV Ha R T i, REIRE
BeE, BT PR SIEIREC 500 B, RMSECV JUFAZE. [, 500 Bl A2+
AL o3 B B FEARAR IR

1.51

RMSECV

0.94

0.6

0 100 200 300 400 500
Number of iterations

B3 LTHABHRESH RMSECY BEFERRBHELE



4.2 BHERAP R I E
BIEECRE (ND RO AR T, DI, NI E Bk EE . N A LATRE
SEHRTHEGEAL, BEHBNRBE. R N KK, BRUSES 2R R
(E 23 SEAHR B e e A HOIS 18], AR ST SAOd B A TSR0 o Oy 17 UL 8 B 5 i 5 LR e 22 T
KZ, JFPAGEERMWIEEECR, P S AEFER N S S80S 100, AT ) RMSECV
WRAF S LR RS B PPN B, IF 45 21 £ B RMSECV BEMI R ORI N 8] A2 1L
K 4 Sor 7 HEA P RMSECV FEBIWAEE KO (8] (93246 . WA HYs BEE N1
m, B RPN T EES . 2 Ny 70 i, RMSECV BRI FI, & N
BEEN 70 UL L AR B AUAR . BEAh, ISR Ff RS, IR B A A 3 A
Wi, =4 NIEE| 100 I, BT R CRAFLE 30 AP, IR SR i 2k

1.2 r 30
R [
/o/o L
o9 .
1.1] A A 20
> - "y /\ 0/0 Q
R X SV
) @ ° ° [ =
= et 9 / I c
4 [
1.0 ,o/o °\°/° \ o \ '1005
/°/° 4 e L
/0/
o [
0.9 +———— T T T T T s 0
0 30 60 a0

Number of search agents

4 BMPHEYRE RMSECV BERIRFEF I LK F B 3L E

4.3 FHRARIERKRE

f£ MC-BOA-PLS #% 1, BOA HIF IR O B xRV B AT S ma AR & (It
AL ER BT RALEACR S R, DR RS R HEm e . R, A B R TR A
RIGTRAEREL LR S B R R P . FEIXIUT AR, 0BT 1 1 3 200 KB
FIwTFL, RS TR GEAR RMSECV .

FIEAHLRA 7 RMSECV B 7R ALEACE 2L a0 5 s — 146, RMSECV A
K. FEFBEERIREULR] 25 207, BEA FRAGEEE SN, RMSECV SRl T R,



SRJa M EAE — s VEE N IE IR E . IXRWIE MC BHT 2 UCRFE A, SR T R4 P

il

HR

1.0

0.9

0.8

RMSECV

0.7 1

0.6

0 50 100 150 200
Number of iterations

5 THFHENRE RMSECV S FHEEEAOR BT LE

4.4 TSR HE

FEHE B BES BRI b, 8857 T MC-BOA-PLS Bi71,  Jff 3 I T 3% o g
AHUE R, 9T RAEZ IR @ VAT RE /7, %F PLS. BOA-PLS Al MC-BOA-PLS i
177 BB AEIX LTk, PLS s — M B B U2 A A A B — B8, BOA-PLS 7£°4 BOA i%
FAREMEA PLS M@, |8 6 Wi 7 HSEHER PLS (a). BOA-PLS (b) M
MC-BOA-PLS (e) FRMES R, JEiH5 T HdlgEH) R A RMSEP.

RAEE 6, PLS, BOA-PLS #1 MC-BOA-PLS ] R {H#47E 0.9 LA [ %A1, 7E BOA &
M5 LT PLS BAYH R B K T4z PLS B2, 145 0.99 LA k. 5 PLS #HEL, BOA-PLS
ff] RMSEP {ith {3 f#{%. X% W BOA-PLS 77 LLRE B FIIMERE. Hk, 5
BOA-PLS A1 PLS #tt, MC-BOA-PLS HITMME S BB Z IR & B A, R KT
BOA-PLS i PLS. MC-BOA-PLS [1) RMSEP {H Bl T BOA-PLS 1 PLS #i%!. Z5HLEKH,

MC-BOA-PLS B A AR VERE, ML 17 kR IueR et .



967 2) R=0.9602 . 96 {(b) R=0.9915 . 96 {(c) R=0.9945
@ RMSEP=1.6852 RMSEP=0.7576 RMSEP=0.6379
¢ 90; M 901 90
S g )
= 3 841 841
S 78 781 781
o
a 721 723 721
66 72 78 84 90 96 66 72 78 84 90 96 66 72 78 84 90 96
Prepared values
B 6 TiR¥E&E PLS (a) « BOA-PLS (b) H1 MC-BOA-PLS (c) BIFMLR
5 &k

ASCHRH T — P (R A R AR B9 MC-BOA-PLS, 17 1218 A 04N et 398
A B HUR & BT BT E T BOA AR VCH I S A PLS TS AR HL
KRS, R T MC-BOA-PLS #4!, JEpIh il 7 L AR & &, thsh,
BT MC-BOA-PLS M PLS HTiiliPERE. 45K EH], MC-BOA-PLS J7ARI i f i) R A
/NP PMSEP, M P2AE T B RITIIESE R e PRBE,  Brde th B3 20 A6 T vk 2 e 145
FEA A A LT 2 5 1A ORI e 1 T AL

SR

[11 Y. L. Ba, J. B. Liu, J. C. Han, X. C. Zhang. Application of Vis-NIR spectroscopy for
determination the content of organic matter in saline-alkali soils. Spectrochimica Acta Part
A-Molecular and Biomolecular Spectroscopy. 229 (2019) 117863.

[2] S. G. Xie, F. J. Ding, S. G. Chen, X. Wang, Y. H. Li, K. Ma. Prediction of soil organic matter
content based on characteristic band selection method. Spectrochimica Acta Part
A-Molecular and Biomolecular Spectroscopy 273 (2022) 120949.

[3]J. B. Liu, Z. Y. Dong, J. S. Xia, H. Y. Wang, T. T. Meng, R. Q. Zhang, J. C. Han, N. Wang, J. C.
Xie. Estimation of soil organic matter content based on CARS algorithm coupled with
random forest. Spectrochimica Acta Part A-Molecular and Biomolecular Spectroscopy, 258
(2021) 119823.

[4] S. G. Xie, Y. H. Li, X. Wang, Z. X. Liu, K. L. Ma, L. W. Ding. Research on estimation models



of the spectral characteristics of soil organic matter based on the soil particle size.
Spectrochimica Acta Part A-Molecular and Biomolecular Spectroscopy. 260 (2021) 119963.

[5] J. Chan, A. F. Plante, C. Peltre, T. Baumgartl, P. Erskine. Quantitative differentiation of coal,
char and soil organic matter in an Australian coal minesoil. Thermochimica Acta 650 (2017)
44-55.

[6] G. A. Ehlers, F. Clark, T. Sean, K. E. Scherr, A. P. Loibner, L. J. Janik. Influence of the nature
of soil organic matter on the sorption behaviour of pentadecane as determined by PLS
analysis of mid-infrared DRIFT and solid-state '>C NMR spectra. Environmental Pollution
158 (2010) 285-291.

[7] N. Dupuy, F. Douay. Infrared and chemometrics study of the interaction between heavy metals
and organic matter in soils. Spectrochimica Acta Part A-Molecular and Biomolecular
Spectroscopy 57 (2001) 1037-1047.

[8] H. Z. Chen, L. L. Xu, J. Gu, F. X. Meng, H. L. Qiao. A quasi-qualitative strategy for FT-NIR
discriminant prediction: Case study on rapid detection of soil organic matter. Chemometrics
and Intelligent Laboratory Systems 224 (2022) 104547.

[9] A. Nasonova, G. J. Levy, O. Rinot, G. Eshel, M. Borisover. Organic matter in aqueous soil
extracts: Prediction of compositional attributes from bulk soil mid-IR spectra using partial
least square regressions. Geoderma 411 (2022) 115678.

[10] M. St Luce, N. Ziadi, B. J. Zebarth, C. A. Grant, G. F. Tremblay, E. G. Gregorich. Rapid
determination of soil organic matter quality indicators using visible near infrared reflectance
spectroscopy. Geoderma 232 (2014) 449-458.

[11] X. Z. Song, Y. Huang, H. Yan, Y. M. Xiong, S. G. Min. A novel algorithm for spectral interval
combination optimization. Analytica Chimica Acta 948 (2016) 19-29.

[12] Y. W. Lin, N. Xiao, L. L. Wang, C. Q. Li, Q. S. Xu. Ordered homogeneity pursuit lasso for
group variable selection with applications to spectroscopic data. Chemometrics and
Intelligent Laboratory Systems 168 (2017) 62-71.

[13] W. Y. Yang, Y. R. Xiong, H. H. Wang, T. Wu, Y. P. Du. Interval interaction moving window
partial least squares for wavelength interval selection in near infrared spectroscopy.
Chemometrics and Intelligent Laboratory Systems 241 (2023) 104976.

[14] S. F. Xie, B. R. Xiang, L. Y. Yu and H. S. Deng. Tailoring noise frequency spectrum to



improve NIR determinations. Talanta 80 (2009) 895-902.

[15] X. F. Sun, H. L. Li, Y. Yi, H. M. Hua, Y. Guan and C. Chen. Rapid detection and
quantification of adulteration in Chinese hawthorn fruits powder by near-infrared
spectroscopy combined with chemometrics. Spectrochimica Acta Part A-Molecular and
Biomolecular Spectroscopy 250 (2021) 119346.

[16] M. Sjostrom, S. Wold, W. Lindberg, J. A. Persson and H. Martens, A multivariate calibration
problem in analytical chemistry solved by partial least-squares models in latent variables.
Analytica Chimica Acta 150 (1983) 61-70.

[17] J. P. Cruz-Tirado, J. M. Amigo and D. F. Barbin. Determination of protein content in single
black fly soldier (Hermetia illucens L.) larvae by near infrared hyperspectral imaging
(NIR-HSI) and chemometrics. Food Control 143 (2022) 109266.

[18] X. G. Shao, X. H. Bian, J. J. Liu, M. Zhang and W. S. Cai. Multivariate calibration methods
in near-infrared spectroscopic analysis, Analttical Methods 2 (2010) 1662-1666.

[19] H. Zhang, X. Y. Hu, L. M. Liu, J. F. Wei and X. H. Bian. Near infrared spectroscopy
combined with chemometrics for quantitative analysis of corn oil in edible blend oil.
Spectrochimica Acta Part A-Molecular and Biomolecular Spectroscopy 270 (2022) 120841.

[20] W. S. McCulloch and W. Pitts. A logical calculus of the ideas immanent in nervous activity,
The Bulletin of Mathematical Biology 5 (1943) 115-133.

[21] A. Badura, J. Krysinski, A. Nowaczyk and A. Bucinski. Application of artificial neural
networks to the prediction of antifungal activity of imidazole derivatives against Candida
albicans. Chemometrics and Intelligent Laboratory Systems 222 (2022) 104501.

[22] R. G. Brereton and G. R. Lloyd. Support vector machines for classification and regression.
Analyst 135 (2010) 230-267.

[23] W. Q. Yang, F. S. Li, Y. C. Zhao, X. Lu, S. Y. Yang and P. F. Zhu. Quantitative analysis of
heavy metals in soil by X-ray fluorescence with PCA-ANOVA and support vector regression.
Analytical Methods 14 (2022) 3944-3952.

[24] G. B. Huang, Q. Y. Zhu and C. K. Siew. Extreme learning machine: theory and applications.
Neurocomputing 70 (2006) 489-501.

[25] C. Tan, H. Chen and Z. Lin. Brand classification of detergent powder using near-infrared

spectroscopy and extreme learning machines. Microchemical Journal 160 (2021) 105691.



[26] K.Y. Wang, X.H. Bian, X.Y. Tan, H.T. Wang, Y.K. Li. A new ensemble modeling method for
multivariate calibration of near infrared spectroscopy. Analytical Methods 13 (2021)
1374-1380.

[27] X. H. Bian, P. Y. Diwu, Y. R. Liu, P. Liu, Q. Li, X. Y. Tan. Ensemble calibration for the
spectral quantitative analysis of complex samples. Journal of Chemometrics 32 (2018) 2940.

[28] H. Li, P. C. Wu, J. S. Dai, X. B. Zou. A Monte Carlo resampling based multiple
feature-spaces ensemble (MFE) strategy for consistency-enhanced spectral variable selection.
Analytica Chimica Acta 1279 (2023) 341782.

[29] L. X. Zhang, Z. Yuan, P. W. Li, X. F. Wang, J. Mao, Q. Zhang, C. D. Hu. Targeted
multivariate adulteration detection based on fatty acid profiles and Monte Carlo one-class
partial least squares. Chemometrics and Intelligent Laboratory Systems 169 (2017) 94-99.

[30] R. Rinnan, A. Rinnan. Application of near infrared reflectance (NIR) and fluorescence
spectroscopy to analysis of microbiological and chemical properties of arctic soil. Soil
Biology & Biochemistry 39 (2007) 1664-1673.

HIRAEE TR
TR, &, 1983 F4, REFELIWARZEN 2 TRSEARZERER, EEITHETHE
FEEOT R AE T k. PRI T S A AT

E-mail: bianxihui@163.com

—EE R
PR, W, 1998 EAE, WiEWTIA, WS RO E T AR E IR R TR A R

o

E-mail: 17303453629@163.com



mailto:bianxihui@163.com



