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Study on NIRS model transfer for straw feedstock
composting process parameters

GE Chenjun, WEI Luyu, YANG Zengling”, HUANG Yuanping, SHI Zuolin, HAN Lujia
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract To enhance the universality and accuracy of the near-infrared analysis model for straw aerobic
composting across different spectral devices. Corn stover and cow manure were used as raw materials to
conduct static trough aerobic composting and membrane-covered aerobic composting. Samples were
collected throughout the composting process, and four key parameters moisture content, total nitrogen,
total carbon, and organic matter content were analyzed. Near-infrared spectra were collected using
benchtop and handheld spectrometers, and corresponding predictive models were developed. Model
transfer between the two instruments was achieved using Direct Standardization (DS) and Canonical
Correlation Analysis algorithms, enabling better compatibility and data sharing between the benchtop and
portable devices. The results demonstrate that both algorithms effectively facilitate the transfer of models for
composting process parameters, with the DS algorithm exhibiting superior performance. Specifically, the
moisture content and total nitrogen models exhibit good performance after model transfer. The moisture

content model of the portable spectrometer achieved an Ratio of Prediction to Devision (RPD) of 2. 62, and
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the total nitrogen model reached an RPD of 2. 00. While the total carbon and organic matter content models

did not achieve the same high performance levels, there was a significant improvement compared to

models without transfer. Their RPD values increased from 0.33 and 0.39 to 1.78 and 1.76, respectively.

The two algorithms effectively corrected spectral discrepancies between instruments, mitigating the

limitations of instrument variation in near-infrared spectroscopy for composting applications and enhancing

the interoperability of different spectrometers. This study provides a novel solution for high-frequency on-

site monitoring of the composting process, offering practical strategies for field applications.

Keywords aerobic composting; composting process parameters; NIRS; model transfer
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Fig. 2 The master instrument (a) and slave instrument (b) used in this study
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Fig. 3 Comparison of spectral images before and after data deletion from the master instrument and before and after data
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Table 4 Model comparison of 4 indexes before and after the master instrument data deletion

Index Status Rt RMSEC/ Riy RMSECV/% R} RMSEP/ %
&K % ) 0.92 1.88 0.91 2.02 0.88 2.30
MC IR 0.94 1.57 0.91 1.92 0.90 2.16
O A R 0.83 0.05 0.78 0.06 0.83 0.05
TN HWIRE 0.86 0. 04 0.78 0.06 0. 86 0.05
kA BT 0.73 0.55 0.69 0.59 0.76 0.52
TC WEUR 0.83 0. 44 0.73 0.55 0.80 0.51
HHLUE G T 0.79 0.87 0.75 0.95 0.76 0.96
OM WIS 0.85 0.73 0.75 0.96 0.83 0.78

TEREVREy REAS B AL IE Pt Z A0 58 X0 TIE e i 2 50 T ez &R 4

Note: R%, RZy and R} are the correction coefficient of determination, cross-validation coefficient of determination, and prediction

coefficient of determination, respectively.

x5 MR EKTAERE 4D EREERRT L

Table 5 Model comparison of 4 indexes before and after the slave instrument data matching

ffdti :ﬁ:ﬁg R? RMSEC/ % RZ, RMSECV/% R} RMSEP/%
& UE E Hif 0.87 2.37 0.83 2.80 0.85 2.71
MC Ve e I 0.84 2.66 0.83 2.77 0.81 2.85
ARG E UE E Hif 0.68 0.07 0.65 0.07 0.77 0.06
TN VE IE 5 0.69 0.07 0.66 0.07 0.77 0.06
R VT e Hif 0.68 0.59 0.65 0.62 0.65 0.65
TC VE IC J5 0.68 0.59 0.65 0.62 0.68 0. 64
HHLE & VEECHT 0.73 1.02 0.69 1.10 0.74 0.98
OM VT e Je 0.69 1.10 0.67 1.13 0.64 1.16

Wi, It PRI AT R R 4 1B BOG IS Bl K S 2 B4
AU BB SRS I TR IR E R .
{E 4% 2 B50E TR0 FIA E  AR 22 BE /N L AT3 AR il FE A Y
TR TR oK, B VT L T SR X A AR 1 i = A
W, ] AT IR SRR

X A8 IBORA I < DR BE J5 09 35 A AR 635 04T 32 0
4343 (Principle component analysis, PCA) , 55— F1%
TR R HCS R UL 4 T LA — RS T FE
I [R] A B T 99. 230 BYOGIEAE B o 1 IR
(Confidence ellipse) A LA i 3= AL G185 Z R A
WYk 22 5, JCk B4R F A PR A6 AL Z8 1
TEHEAT TN, TR Gl A A5 B 5 7% B S B
TR AR IE , DT R A A 2 e =2 BT T A7 4
2.3 HEEHEBER

X2t DS Fik (CCA TR 56 Jm 1 ML RS i

N FALEOCIESEAT F B 087, ST 2 A LA 5,
AL 2t 2 R FR 2 )5, AR s e 5 —
RS sy 2 ] A oA A 2 Fh o ik R A
LI TR DGR G S 2 R R R
W1, DS Bk Ay 3 MASCER O3 Y B 15 1 15 8 A 1 A
K, BEWEHE T CCARIL, DSHILFL T MUEHE
W 24805 S E ARG A T 2 A R
JEBLH TSR G b PR A 20T Y R T AR AE A TN L
i BE A S N 2 EE L M ) T AR I, T A b A
PR G F B R IO RS B

A% 91 ¥ B 10,15, 20, 25,30, 35,40, 45,50 3k
9 AR AR BB BE 54T DS . CCA Sk i B 56 7%, LU
RMSEP e /N iy Jit W) 356 £ fe 6 3 i b A4 . RMISEP
BEAREERCR ZE AL LI 6., BT 0L« SR DS B3k B, 75K
RME SRR i AL AR AR R £l
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Fig. 4 Spectral principal component analysis after wavelength point matching
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Fig. 5 Principal component analysis results of the transferred spectra and the spectra of master instrument
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Table 6 Comparison of model transfer results

. i #F 4L
1=} N 1 N
1 WHRIL (0 o standardized R RMSEP/%  RPD  RSD/%
Index Method
samples
R o 0.02 26. 06 0.32 53. 68
K R ‘
I\E/K‘k? B IE 50 0.85 3.16 2.62 6.51
LT AR 5E 43 Bt 10 0.75 4.37 1.89 9.00
¥ 0.15 0.91 0.15 112.35
TN EHERE 25 0.76 0.07 2.00 8.64
LR A G 43 By 15 0.70 0.07 2.00 8.64
. ¥ 0.08 4.00 0.33 36. 97
T“Lw{ e R IE 25 0.68 0.75 1.73 6.93
TR A IC 43 By 25 0.71 0.73 1.78 6.74
e o 0.06 7.11 0.39 32.38
ﬁ'ﬁl* MR R E 10 0.62 1.56 1.76 7.10
LT A 6 43 M 10 0.68 1.68 1.63 7.65
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