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Research on rapid prediction model of rice moisture content

based on near infrared spectroscopy
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Abstract: Objective: In order to established a non-destructive,
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rapid and efficient method for detecting the moisture content of
rice. Methods: This study, 161 rice samples were collected from 5
different regions were studied by near infrared spectroscopy com-
bined with stoichiometry. By eliminating abnormal spectra and
preprocessing the spectra, the prediction model of rice moisture
content was established by partial least squares regression. Re-
sults: 15 abnormal spectrum samples were eliminated using the
method of principal component analysis combined with mahalano-
bis distance. The best spectral pretreatment was to eliminate the
constant offset. The prediction model Rgap established in the
training set was 0.994 3, root mean square error of calibration
(RMSEC) was 0.21%, R#vwas 0.993 6, and root mean square
error of cross validation (RMSECV) was 0.32% , which indicated
that the cross-validation of the prediction model had high
accuracy in predicting sample moisture content. The prediction
model was tested with the validation set samples. The validation
determination coefficient R%ar of the model validation set was
0.980 1, the root mean square error of prediction (RMSEP) was
0.36%, and the relative percent deviation (RPD) was 7. 14,
which indicated that the prediction model had high prediction ac-
curacy for the unknown samples. The P-value (two-sided) of the
mean equation T-test of the measured and predicted values of the
samples in the validation set was 0.879, and the difference be-
tween the measured and predicted values of the samples in the
validation set was not significant, indicating that the prediction
results of the prediction model were highly reliable. The error be-
tween the predicted value and the measured value of the verifica-
tion set samples was within = 1%, and more than 90% were
within +0.5%. Conclusion: The established rice moisture predic-

tion model can be applied to actual production, and it provides a

non-destructive, rapid and high-accuracy detection method for the
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inspection of rice harvesting and storage.
Keywords: near infrared spectroscopy; rice; moisture content;

nondestructive testing; rapid detection

A RKREMAT T B E = AR B Z — A p
A 60 %0 iy A 11 LAARS A8 B 5 AR AR i ROk O &
B A E R E T T R AR B R R R K
AT LB IR 1.4 JTAEZ . 2020 4R, B R G it & AR
M B SR ) R, T E RS B R A 2.1 42 ¢,
b RS R 32.5% AT A HA T
A DAAR B 5 AR ol A O B R R R SRR G R e R
B 1k R 5 5 G RS OR PR A — 8 MR B, KOk
Z ARG 0T 2R HE AT I

B Al A8 K4 & R A E ik 2R GB 5009.3—
20164 £ 2 A E F AR UE & &bk S B ) i 5 — ik
105 C 8T M GB/T 20264—2006¢ K £ . iUk K 43
P UCHE 0 5 v ) v 4 7 0 vk X R O T R RS
o AH R TEAE R BE SR K R B R B R A
SR TR A 2 SR i 4

LT AP R A B AR B A S B R R SR
vty G i T AL B B A T SR RGBS ] A 0 S PR A
JEETO SRAESR )2 R T AR S A Y (R A
INZE RN G5 B FR I A T KSR R S A R
LN E 7 T 37 A S  PU 31 B UAN
AT L AR G ST ARG AT K S T A 5 SR AS A A e
FEFRHHR 0.968 9, BB (¥ A7 v A 22 4 0.343 4%, A RE /2
FOBCR R R PAE 1A IX, B R 2 4R
M2 30 SR I 41 A0 1 B AR T ST R A K A3 1 R T A
LR P R OB 0,990 3, BT [ BR U W 2% K
0.372 8% , 45 ¥ 24 7R A5 (1 fIF 7 45 %, L 0 455 Y 14 il
PR IR i N P L T N A O N T B )
D (EPE= i o o R c S N (@ R T L RO i
T AR 1) LIRS o i 5 2 5 S TN A AR 1 R i b B A
) 5 R A G BT B R DX 22 R B )
BEAE AT . BFIEMCAE T 20192021 4R A E b J7 Rl S
75 5 ARG By 1 R 45 B L DR R 20 A6 5 25 4 b
SR T IR BT R A K G i D T AR AL, DA
— 3 TR R A K G T 0 ASS TR ) T G oA R O SRR A IR
it $2 A1 — T PR 0 10 A 0
IR} & RS R7 S
1.1 MRENHEEE

FEAF (2019 4F SR M4 21 i L T4 6 I BT
1. = /A 15 BRIP4 19 fy; 2020 4F. M4
17 4y LT 8 0 BIVLA 6 1y =4 12 hh Fpd )&
21 f3,2021 4E L BEINAE 9 By AL T A4 1 R BITAE 5 .

BE 2448 | 20228 2 B | RSV

ZEA S AN 4 5 - 5 A YA ELE S U K L
AR
7 B A 6 T 21 40 O % AL . MPA Y, 48 [E Bruker

/Z_\\g

&l

5

T BE R RR AL FW-100 780, T 28 i 4 28
FRA A 5

H P LT 4 - WGL-125B %0, K e 17 28 37 45 (X 2
AHIRATH .,
1.2 RWEHE
1.2.1 FEARE K& 20w MR LA GIE R E 1%
M8 GB/T 20264—2006 #fi 45 J5 & W 2 A 45 #F &b b i K 43
B, R B AR 45 3T 21 A0 O A R Ry R e
¥ AEE WA T X R FE W AT IR L0565 iR &2 .
W@ R IAE RS . B 1 h HH#— R 5.
[ — NBRAE R S8 ARE SAR b, DUGRIE R A 1) B %
AR -, LI E 12 790.3~3 594.9 cm ',
YPER 16 em L HIREL 64 K BAREREL 3 R IF
SRARASFE ST O35
1.2.2 FEA 58 3T 20 A0 0 i 50 B Al 254 55 3 TE 42 1
R4y KA F A W8S A S R IR B 5 R (PCA-
MD) , ke PRI RE A8 A 5 b i 58 R OGS . (T kT IR
F -y PR IR AR 5230 43 5 BT (SPXY) 4 BRI 45 46
SIGFERE BB Z L 3 0 1 B BB S R S R AR
FE il G TSR 43 N SR IR IR 4R .
1.2.3 A KS &= PLSEBEE 5004 b 17
RIS HRAE GRS A R 3R 22 8 B 48 FF Y 0 20 b
iR — B 8 Z B3 8 R — AT BR R RO
B gk —FEK /D RKH— b 2 T RU I E
— SR EE - FEHL. R HE - REH LM —
B3 40+ 22 S O AR OE S O VR AT WAL B . T O e /S
T (PLS) FIAE BT, S I 248 111 A 15 RS 45
KA Er BT AR A f A7 . DABER P R Rias (AR
i i 22 RMSEC A5 AU 58 XUBGIE P 3 FR 40 Ry FAR AL 58
X I kbR HEMR 22 RMSECV JydE 8 45 » R AL T 8 K 40 &
PO AL, Rea Al Rév, 4238 1 & 47, RMSEC #
RMSECV {# 7] i 4167

7,
2
§ (Yivactual — Vi predicted )
; i=1
Ri‘m_ =1— ’ (D

n

o 2
g (yi.;u-mul - ymm.ml)
i=1

_Hre
Riéa — R E R4
YIS R il 19 7K 43 35 1 S 0 5

Vi.actual
Vi predieed — VI ZR AR THRE T 4 7K 43 & BETUI AR, 06 5
RY— YL 4R B 0 oK 4 S (B 1 7




&M | Vol.38, No.2

PifE. %

2 (y; cactual Vi, predicted ) :
Rysee = =L p— s (2)
K rp

R ysee — HE AU bR AR 25 5 0% 5

Vi WIZRAE PR K 43 R SR 06 5
Vi prediened W ERAE HORE i (9 7K 23 35 B TOIAEL L 0 5
NGRS PRl R

n
n
E (G yi.predmed)z
Riy = 1— ':,1, , (3)
E (Vi sacwal — ;;.zmmal)z
i=1

Favl; L

Ry — BRI 28 LB IE P R4

Yoo WIERAE o A2 I TR AR 1Y K 4 A SR
WA, 255

Vi prediered —— YR AE T 38 S TIE A & 19 7K 4 i B
WAE . %5

¥ it — WA P 28 U HIE BF 5 19 K 43 A 2
ERFME, % .

n
E : 2

(y ivactual i, predicted )
i=1

Rysgev = P s (4)

A

Roseey — B 58 SUI UE bR AR 22, 6 5

Vivnewa — YR A 58 ST UE AR A K 4 B i S
WA, %6 5

Vi predicred —— W GRS A2 ST E FE & 19 7K 43 & 5
HURERPAR

n

YR o AE B .

12,4 FAKSSEBNER MR SRR K S
TR R PR R 2 5 T g ST Y B IR R A L IR T
W25 50 S0 BEAT X L6 A A o AR TR 6 IE 4 36 3iF ph s
FA R ar Y56 UE 4 530 4iE A o f 22 RMSEP L A X 43§
72 RPD HM T K30 45 R M e b 3 F 0 A8 5K 40 &
TR G B BE T . RYac R B2 1 k47, RMSEP
/NEE T RPD (B <C2.5 ¢ BB 15 & ) 2% . RPD {H #£ 2.5
A 3.0 Z ], 3 B MR T fik ) 42 47, RPD {H >3.0 B, %
WA AR T Al AT

D7 il — Yioredicred)?

Rin, = 1— , (5)

n

o 2
§ : (y,.amm - yz,acnml)
i=1

K
Ria, — BEBY 56 IE 46 50 3iE b 52 A5G

B #MEETEINMREZEARELVUBAKSIESE

Ve B UEHE HPORE AR K A3 A SCAE L 065

Vi predierca — S UEHE FPVRE it (19 K 43 5 S0 L 065

Vi B UE £ TORE R K S R S A Y T
B %

E (Yiactwal = i opredieted )?
Ruyser = == P s (6)
i

R visep 15 280 550 1 4 900 GE B v AR 22 . 040 5
Ve B UEHE PR 1R K A3 ST 005
Vi predicrea S TIEHE THORE it (9 7K 3 35 ik SO, 00 5
m—— Y UE 4 PR RO

PD = — 0 (7)

SV
R HIM 54715 2% 5
S pvar —— S UEGERE K 5 B R IEDS L %6
Rsser—— OB S0 E S 50 B 05 22 %6
2 #R500r
2.1 FRE RS S & B R AL LT 90 S B R
161 (845 FE il 17K 53 25 5 5 I 17K 43 45 LU
S5 L7 PRI IE A5 00 7 2R BB 1.l 1 R 1
1T B o K S £ 8.95 % ~25.01 24 R BE
(97K 43 4 ik 2 9 404 1296 ~ 1594 K 4 25 i 469 % 1

F1 61 MM BAERKIEENNELR
Table 1 The determination results of 161 samples of

rice moisture content
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Figure 1 The frequency of sample moisture content dis-
tribution histogram and the normal distribution

curve of 161 samples
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Figure 2 The near infrared spectra of the 161 sample
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Table 2 The moisture content results of training set and validation set sample
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Figure 4 The frequency sample moisture content distribution histogram and the normal distribution

curve of training set and validation set
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Figure 5 The moisture content results of training set

comparison between measured and predicted
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