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Non-destructive identification of the storage quality of paddy using near

infrared spectroscopy with neighborhood rough set algorithm
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WE:ATRBAB . EHENBEBESERRLIE P T
BRIV AR B R ERRES BB T EFAELT
A4 T 3R S ST H B AR . R4 1 000~1 800 nm &
P 285 43 #f S L 21 Sh K E B AR HE ) AR B BR A A% A
REARANSALTHE BEREA . TAFETA =X,
SRR AR 3R A% 4£ (neighborhood rough set, NRS) ik ¢ ik
R ARG 10 AN 45 4R 0k K 45 A& AU A& A& (random forest,
RE) J ok BT 4 52 69 45 4 1 3 o T 55 50 A2 AL 04 A SR AR, L AR
EAE 5K 4R E AR A1 96,3104 93,6800, 4
Btk Fo by Rl A HCH A 0.93~0.99, ZBHA ke, E A
A d R K TR A & S & ¥ H % (successive
projections algorithm,SPA) #= % %, % % #7 (principal com-
ponent analysis,PCA) 2 4 RF H & & A & 69 5 £ 42
A, EREAW.EaRER KL S NRS #« RF H ik A
THREERR RO ELLTHY.EN THREREE
NPk E,

KB AS S M8 B B B AR A M 5 AR SO RS 4 U 4 5
Abstract:In order to quickly and accurately detect the status of
paddy during storage, the near infrared (NIR) technique was
used to establish classification models for identifying the storage
quality of paddy. The NIR data of 285 samples in the range of
1 000~ 1 800 nm were collected. Based on the measured fatty
acid, the storage state of the sample was divided into three cate-
gories (good storage quality, moderate storage quality obviously

tending to decline, and poor storage quality). The optimal 10
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wavelengths were selected by neighborhood rough set (NRS) al-
gorithm. The best classification model was established by the
combination of NRS and random forest (RF) algorithm. The cor-
rect classification rate (CCR) of the calibration set and the test
set are 96.31% and 93.68% , respectively. The results of sensitiv-
ity and specificity are distributed in a range of 0.93 to 0.99. Fur-
thermore, the performance of the model is also superior to the
other models established by using successive projections
algorithm (SPA) and principal component analysis (PCA) algo-
rithms combined with RF. The result indicated that the fusion of
NIR technique and the NRS and RF algorithms is feasible for the
identification of paddy storage quality, and which can provide a
reference for the development of on-site rapid inspection
equipment for grain quality and safety.

Keywords: paddy; fatty acid; non-destructive detection; neigh-

borhood rough set; near infrared spectroscopy
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£0.2 nm, P K FEE H<0.05 nm, 4> P2 (10.940.3) nm,
FEMEIFE 1 nm B—YOGTEEARE R R BT 3 AR, A
i 32 YHLT- 3945 B I 2 AR G 4095 .
1.4 BERTEEME N E

¥ GB/T 15684—2015¢ 2 1y B & il &t N Uiy 782 {24 vy )
FEDVPAT s BEAREARAE 3 YO AT I3 IUOT- 5 (H VR Oy de &
ZEHL, KR4 GB/T 20569—2006( FF 4 1% 77 & 5T H & #0
) e b SR B R A R 7 R (H (KOH/ T 36) 1T 8% 5 &
AR ORI 4y B A (K25 mg/100 @) B E R
17 (<< 35 mg/100 g) JEE A EAF (35 mg/100 g) =2,
TR I = R A AR A AR R Y i s 2 R O R R A T g
vl JOT 2 T W A AR
1.5 HIESHAE
1.5.1 BEMLERAK  FEHLARAR (RE) 2 —FAE S 5 ALtk
B4 2R BT B0 ) P LR 2 ST O Tk I AR # L TT LR
AL B 4RO L RR S A R B kB A BT, iR
56 v g SRR BRCRE A B B SR 1~ 1 000, B 3 L 1A 8K
5 0 4 24 A BN BOR A 10 BT AR LI TE 5 ik AR
1.5.2 SRR S SIS 4L (Rough Set, RS) #
VERE AR B AR g % B 0 R 43 oK S 28 B AR O LE R E
V] 0 S5 O AR )R AN 0 S BN R A 1 TR R R AE
JE AT R B L . EA RS S i AT 8 S 5
Aab P B T e HL AT S AL L 2 T BOR LR B RRAE B
P B O T 5] A 4R 3 1 ME A ) RS B L B 4R
MRS AR T P T i D 4R G ob B B AR AE AR i B AL I
I RN BRI AR

RRbFRAE S B AE S N U= {21,225 2, }.C
F &M EYE. D RREEYE e M R fiik C i8¢
Z,WFE NDT=(U,M,D) R4 K R G, Hi, X E
Bz, €Ux, €U,z AP 8 X Ry 0 () ={ x|z €
U, Az, ,)<0},0=20, X Alx,, 2 )RRIEE &
A B A P Bk KK A, (xyy o 20) =

(2| frsa = flaasa) [#T5. 54T H 4 NDT =

<U.M.D> N8Bk R R G 55 U Pk mt: D &
ﬁj}‘ﬁ\] N /l\f*;{ﬁ%’é(Xnng"',Xw)g VQQM’D %?Q

LRI T IE L (N DO F EIEAL (N D) 53 51 7Ry

N
NoD=UNgX,, (D
2t Lt




F&M | Vol.35, No.11

N

NoD=UNoX.. @
NoX:=1{2,10q(2)EX 1z, €U | 3
NoX:={x;10q (x) N X#D .z, €U}, W
A

Q—4Pis M . 17 8 T R RSB R 48 5

D——3E RSB35 3 45 1 P o J

NoD— K J® M D X T Q 4RIy T ik 5k 1
PR 5

Xi— MBS U BRER/MED oy N A
S

xRS

So(x)— BN Q MR ACx)E A LB IEE B
LT

TS KE (R 2 AR R R R WS —
H0.5<p<1.0, B 5APEE [ (6) 1Y S BOs E H 5%
1) G SRR £ B T (1% 1 B B X B Y o B A R Rk B
50 SR HEL S e R S A E IR
1.6 WEIEMH,

B B TF A b5 AE 32 22 2 8 5 1F #4028 Ccorrect
classification rate, CCR) i %, BV 1E i 34 51 (9 #£ 4% 4~ 4
(N BHERNRNOBE . HA U Rk 5=
AR T 43 SR A PR T S A R R R 1
R T 1 R R PR L. AN

TP

# FEEBTEINAERCEHEAREEINBADERRTREN

A
S UM
Sp— AR

TP—HIEJ, B F AR AP 5y BRE A 1 H

EN——{BIEZ , B ELRE A Bl 31 SRy D A 1 250 i

TN——F 25, BIOhRE A 340 50y Bl R A 1 Bt

FP——{B 5025, B DR A 3 340 50 by BLRR A 1 40 5
2 HiRSHR
2.1 BERp B 1B 3K B HE 43 A

2 1 0 FE AR A i 17 I (L S 00 408 i el S B S T 4
R HPh R IEEREA (n=190) B{H R 2243901 b 24.15,
10.67 mg/100 g, M ik 4 FE A (n = 95) 43 5l N 22.47,
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Table 1 Measured values of fatty acid in paddy based on the calibration and test sets
¥ifE/ I/ SNV f/ME/
e B B B - 7% B - - T [l
(10 ?mge-g 1) (10 2mge-g 1) (107 mgeg D (10 2mge-g b
IFE % 24.15 10.67 67.90 12.11 12.11~67.90
s g 22.47 9.27 60.21 12.98 12.98~60.21
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Figure 1
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Scatter distribution of fatty acid values of

paddy samples in calibration set
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Figure 2 Spectra of paddy samples for different

storage status
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Figure 3 Selection of optimal wavelengths by NRS-combination 1(a) and combination 2(b)
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Table 2 Selection results of optimal wavelengths by NRS

WAREIE (R BB KRR

LW K /nm

1043,1057,1 106,1 204,1 206,1 298,1 343,1 354,1 450,1 454,1 592,1 651,

0.05 16
1654,1676,1 690,1 771
0.75 0.10 13 1057,1140,1204.1206,1298,1332,1354,1450,1555,1620,1650,1752,1762
0.15 12 1057,1123,1204,1 245,1 298,1 306,1 354,1 450,1 458,1 476,1 651,1 762,
0.20 10 1057,1116,1204,1 210,1 282,1 354,1 450,1 454,1 651,1 762,
0.05 12 1086,1122,1 148,1 227,1 282,1 400,1 530,1 608,1 689,1 719,1 739,1 762
0.10 10 1055,1 148,1 234,1 276,1 400,1 567,1 616,1 682,1 754,1 786
80 0.15 8 1062,1 148,1 234,1 354,1 576.1 698,1 754,1 778
0.20 6 1086,1 234,1 562,1 650,1 712,1 721

T ML R A B S A A SL IR O 2 YRR B



&M | Vol.35, No.11
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FEAKHE T NRS-RF-2 #2811 43 35 68 J) T BB 8. CCR
K 86.31%0, 13 MREARBLHE R 40 I A, 455 % T
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2.5 HHMEREESH
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JE R 6 T B O AT M 4k 4 T, W RE B 5 4 0 E ST
PCA-RF 1 SPA-RF 43245 #Y FH - 5 45 I 588 i S 119 265 531
ZiHNE 4 PR, PCA-RF #EALAS IF 4 5 M 48 40 25 1
BRI <<90 % . 43 51 Ny 88.94 % ,86.31 % , Hth % 1F 48 5

# FEEBTEINAERCEHEAREEINBADERRTREN

WS BIA 21,13 DREA A B A7 IR 25 w05 ) 30 oAb
H)E. BASrJEEE 1 B R & NRS-RF-1 #E &1, SPA-
RF #5 7 (1 43 25 6 J i A8 F PCA-RF BE T, £ IF 4 CCR
IKEE] 94.73%6 AL 10 A B AR A ) 51 45 5, MR & CCR
TREF] 89.47 %, KB SPA-RF BB 43 2 7€ 138 T i
— 8Tt

PeHL NRS-RF-1 il SPA-RF # 75 i 1 558 1k F 4
PEFRAR TS 2 SRl — 2B th i A B PR RE . i 3R 5 W,
NRS-RF-1 Fil SPA-RF #1511 S0 M A1 RE 5 1 46 A
A FiFE 0.96~0.99 F1 0.92~0.99, B4 W 5 22 5, 4y 2K 2%
RBOAHAE . WK NRS-RE-1 48 B4 48 47 43 1 78
0.93~0.98, HA7 5 AR A9 B B A @ 4 . 1 SPA-RF # 7Y
PR 43 20 o 1 R R M 38 B R R R #4 (0,88 ~10.98)
B I AT 0, SPA-RF A58 8 1 X A% 45 BF S 007 58 A J5 9 4% {4
A3k fE W BE A & NRS-RF-1 R0 [ % 91 25 3, ) A
NRS HIE RN 10 MG IE B K 45 & RE Rk g7
B NRS-RF-1 #0 %1 ] T 55 28 B A< I 60 b BT 09 46 7 2 W
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Table 3 Classification results of paddy storage status by NRS-RF models

i AR B4
. , . E=353 HAE . BB ENis
i e HAf A o e - o
VNGRS REAE HEHR/ % VNGRS RNEHF MR/ %
(n=287) (n=287)
(n=75) (n=28) n=75) (n=28)
BHAT 84 3 0 45 3 0
NRS-RF-1 B RELAE 2 72 1 96.31 1 27 1 93.68
o ANEA 0 1 27 0 1 17
A 82 5 0 41 7 0
NRSRF-2  ZERETHE 3 70 2 94.21 3 25 1 86.31
W N2 0 1 27 0 2 16
T A B 2R o) 25 DE 0 1 R AR B B o FEHER R
#®4 ETFPCARFMSPARFEEMNBAPBARSLER
Table 4 Classification results of paddy storage status by PCA-RF and SPA-RF models
ML 4R BIE4E
" ®E 43 B EiYi
i e i o - . A . - \
(n—s87 NER S NEAF R/ % (n—sT NHAE REAE R/ %
n= n=
(n=75) (n=28) (n=75) (n=28)
HAF 79 8 0 41 7 0
PCA-RF 2 RN H AR 5 67 3 88.94 3 24 2 86.31
oA EAT 0 5 23 0 1 17
HAT 83 4 0 43 5 0
SPA-RF 5% B RN AT 1 71 3 94.73 2 26 1 89.47
o ANEA 0 2 26 0 2 16
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%5 HET NRSRF1f1SPA-RF @R HEMEIES
ARG AR

Table 5 The results of sensitivity and specificity based
on NRS-RF-1 and SPA-RF models
o . B IE4E HURRES
LT 251 - -
HUEME RERME BUEM RRE
HAF 0.96 0.98 0.93 0.97

NRS-RF-1 B REAFE  0.96 0.96 0.93 0.93
FREAREAE 0.96 0.99 0.94 0.98

AT 0.95 0.99 0.89 0.95
SPA-RF BBERTEA  0.94 0.94 0.89 0.89
NG 0.92 0.98 0.88 0.98

T AL 2 R OB R S PR R AR B 2 A Y
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SRAE 1 000~1 800 nm (¥ 7 4 K & i 21 40 63 S dis
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MK 5 CCR #5993 % . M0 M F s 53 1 43 A 7€ 0.93 ~
0.99, LAl Wi/ K s b SR E . & th .
NRS-RF-1 #5211 A 7 £ 06 F 358 56 o fir @ 57 19 SPA-RF
M PCA-RF WA . 25 R F W, NRS 5k 15 i ih 19 45
EAE B RE A5 AR F R A8 B 00 7R o0 e 0, M 9 NRS-RF-1
R FH TR A I T 4 R R T AT el — 2
B L TS K 43 55 22 00 980 T AR b 4 AL R A
EAFARAS S G et B AR B 3k, ST R A 43 2
RRAY Ay fith L T 22 4 B0 4 RS 18 4 F 1 B 22 0 % 7 4%
i 72 G Az B i R S A%
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