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Abstract In order to gain an in-depth and systematic understanding of the research advances and current
applications of near-infrared spectroscopy (NIRS) in the study of agricultural waste composting, a literature
search was conducted based on the Web of Science core database and the CNKI database. ‘Near-infrared
spectroscopy’, ‘agricultural waste’ , ‘composting’ and ‘aerobic fermentation’ were used as keywords. A
total of 58 relevant literature articles were screened through this search. Subsequently, a synthesis and
summary of existing research work were undertaken, which focused on three aspects of composting
fundamental characteristic detection, process monitoring and quality assessment. The results are as
follows: 1) To improve the accuracy of models in detecting basic composting features, it’ s important to

increase the number of samples, identify relevant spectral bands, and adapt different algorithms;
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2) Effective real-time monitoring of the composting process using NIRS requires refining universal models
and improving hardware to ensure greater sensitivity and reliability; 3) Further improvements in the NIRS
evaluation system for composting can be achieved through methods like transfer learning, predicting
multiple characteristics simultaneously, and grading quality. These contribute to better accuracy and
reliability in assessments. Looking ahead, the integration of NIRS with emerging technologies such as
machine learning, deep learning, computer vision and hyperspectral imaging is expected to create new

opportunities for data-intensive scientific exploration in agriculture and provide practical guidance for on-site

2024 4F 55 29 %

monitoring and quality control in agricultural waste composting.
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Fig. 1 Technical route to NIRS detection of compost
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Tablel Studies related to NIRS detection of agricultural waste composting

SC ik SR YR . " FEAC &5 /A
Ji Rk 6% 5 BBl /nm 3 7% 15 Rk
References ) ] ) Sample
Raw material Spectral range Instrument type Modeling algorithm .
source S1ze
_ T 2T A1 43 6 6 B AY eI A ENE|
(207 BN 1100~2 500 , - = 90
FOSS 24 ] 6500 # 5 MLR
EERG BYL R E T 21 A0 6 AL A 5 /I 3 ] U i
[21] 905~1 682 _ 207
e 17 3% Sentronic 2\ &) PLS
i BL 0 3T 21 A1 6 15 AL
[22-23] WA 22 15K R 830~2 600 HEITRR 4557 [ ~300
Bruker 2 7] MPA #l 5
URAR N rht e
[24] EEHRT — = " MLR 44
Foss 2\ &)
[25] T MR N T 780~2 500 i L5 21 40 ) 35 R PLS —
[26] BE G B 1 000~2 000 1o 48 A% ke PCR —
i B AR 4 30T 21 40 PLS
[27-29] E N 1000~2 500  jE%AX , 120
i o _ S 1 kAL
Perkin Elmer 2 #)
B A T 21 AR
[30] e S 1 000~2 500 i A MLR .PCR .PLS 14
Thermo 2 #)
SEAI RS 78 £k 3 B A 21 Ah
[31] B0 1 000~2 500 . PLS 60
" S REAL, [
B A T 21 AR
[32] 428 EOKRFEFF 1000~2 500 4% Local PLS —
Perkin Elmer 2\ &)
i3 L o A 3T 2T A1 O 3%
[33] N3 R A 1000~2500 . YopLs 120
1, A i
o SO FEY R 5K SIRAN o -4 .
[34-36] . 400~2 500 ) PLS . Pearson 44 426
15 e FOSS 72 A 6500
T 21 53 6 6 B AY
[37-38] W 3 700~2500 - MLR 52.100
FOSS 24 ] 6500 # 5
i 48 X B
[39] KRR FF A 38 350~1 700  Avantes /A & AvaField-2  PLS 84
LIRS

Zi LA BEX B — 1 RS B0 MRS BE AR R P TR A M R R A M Y o P S RT R AT
I, O A5 N L R R R IE AR 1Y T ORS LA 3 D7 T ZEAT « DI IMEEA B, 97 KRB e . il
U4 /N S AL A A I 7 ik iR 22 o AR 2R T HEMRE AR B P R R A i MR, B A 4R R
NIRS A 3k AL K At 48 V4G A5 A7 FERE A BN R O BE A2 AR RE Ty, o T e i 3 17 S [) 4% 7 1 3 A
TUME DA A B 2R ME R 5 VS R A2 BRAE R . g AR O DL RR AR D Be o BT A [) A R S UKL, B



5 8 4]

BALAF o ST NIRS A AR 32 574 S AL A 0 07 52 i i 183

1.00

0951

0.90
0.85F .

0.80

WERN R

0.75

0.70 -

0.65F

0.60

TN Té P‘H OM C/IN
F8#5  Indicator

E2 EBDHEHREERERBVHERE
Fig. 2 Boxplot of model determination coefficients for each

indicator

T R P e TR G 1 3 B, DA A DR ASE R B S RS I b
LA R B L 38 TH R 5 3) 38 Bl 5 ) fiE 1 B 5k Y
Bk ARUENLAR 7 ) R Tk T A St Ak R
P b ) 52 2% 00 &, 6 i S T A AR A P, LA Tl B
S
2.2 HERET AR H5

T B — (1 | 255 100 S IS it A 1 A 0 DI 3k B A2
AP R BT SR 22 0 JEE 22 05 T 114 i 7 5K

Xof Mk JIEL 3 vl 1 45 IR 1 2R AT 30 A AR T i BRI B G
WE L, XMW RENFEB TR T ZES
B, B HENE 7 L 0 R L SR, R HE AT 0 45 s
(18 FE A AT Ak R 25 B B, SR FH 118 G 0y =2 ke
50 A7 AE BR800 I Pk 22 MG ORI A0 IR, R i
T8 53 ) FH T % AR I H18 T 3 AT A 85 ) 7K S

1o A A3 AT B AR S8 ak % SR | ] R T2
TR A S B I o TR B R AR R AT R RS R i
TF B R0 AR 7 T A AR DL R B T G T
i FEAR T A I RN 25 S, NIRS R S —Fh o
BRI B AR CAAR T 2 M, S8 T A
R4 B, RS T H K 4 5 Aak S35, i an
A7 Ak A b A VR A T8 C O b R FH AR SRR 20 A0 i
SERTAEAT IR A SO0 AR HE R 4, NIRS &
Bl T 00 52 75 K TG U kAR i BE v AY A R Ak 2 AR
A AR A 2 3 3 AR D7 1) B4 7 FH K % W1 R
P, W 3AOL R T LLAN R AED RS AT B &
FEAE B SR YRR R A5 TR I R M R AT T
AL B L T2, 72 HE AR 3 7 v, NIRS A 52 B
T R C/N S 5 AR 2 SR A A S
B, A A TR T R g ek R R, T
FET NIRS e PPAG HE AL 7™ & i) i 15t

i

AR S/

Near-infrared spectrometer

Jst N AR e
Raw materials Composting process Products
A HLT ( Organic matter) i ( Total carbon ) | JE#HJET ( Humus ) CIN B (Maturity ) ¢4 ( Security )

& 7kdit (Moisture content ) &% ( Total nitrogen ) yei 22 [ 4k ( Greenhouse gas emission ) 724+ fit ( Nutrient content )

@l

m -
N4 Ny - >
; - &F -

B3 BT A2 AR 4 5h BE

Fig. 3 NIRS monitoring of composting processes

TR AHE SR F MLR (PLS il PCA #5738 3% T
A HERE 3 7 Y OM % 1 T50 A5 2L, B2 50 1 R*H

0. 95, A I TS bR il T4F . A i3 45 A e LR
ZLANETESCR B A HUILARH T B 6 HE AL AL AR (48 1 2



184 0 LN ES I Y NS S 4

2024 4F 55 29 %

i, 455 PLS SN 23 M JIE 425 A vp ) SC B 280, 45
SR F 7K TC VTN B R 5 L 5
A OM A B 25 SR FRAR B0 P 45 LA JE R
FRFEFF M JFRE, R NIRS 254 Local-PLS 595 Xt
2 Fof AN ] A T 20 B4 5C i 2 O S a0 A A
TR 4 5545 5 A X 4 M N B 37 PRL A IBURE 7 8 ok

B IORE S 5 M o A AEME AR I Zs ], B KR . OM
HC/NFBLBIR R* 535 0. 95.0. 74 #10. 77,
— /NI LA BT A BT T I B 28 NI R A
JRAAR B, o B35 e 37 7 ot D 4 AR 1 9 O 1Y
AE Y 2 L A e AR R AR B T
530 (B 7 T 4548 1 by 43 B

(a) IR &

(a) Composting production site

4 BEEZEMEXNFRELRN G EMEELE
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